




A MANUAL 

OF 

DENTAL ANATOMY 



ALSO, 

A SYSTEM OF DENTAL SUKGEEY. 

My Will JOHN TOMES, K.U.S., and CITAIILES S. TOMES, E.U.S 
Tliinl E<1ition, with 202 llliistmtioiifl, 



A MANUAL 


OF 

DENTAL ANATOMY 

HUMAN ANT) COMrAEATTVE 


BY 

CHARLES S. TOMES, M.A., F.R.S. 


WITH 235 ILLUSTRATIONS 

FOURTH EDITION 



LONDON 

J. & A. CHURCHILL 

11, NEW BURLINGTON STREET 

1894 







PREFACE iiTTHE FOURTH EDITION. 

— ‘‘4 

In the following pages it has been my endeavour 
to give an outline of the more important facts of 
Odontology, such as may serve as an introduction 
to a more extended study of the subject. 

Since the publication of the earlier editions of 
this book, this task has become one of increasing 
difficulty, owing to the large amount of attention 
which has recently been paid to the subject, and 
the unsettled state of some of the theories 
propounded. 

In a book of this kind, it seems neither desitable 
to burden the text with many references, tnor to 
omit them altogether : the rule which I have 
followed, I fear by no means always consistently, 
has been to give references only to works and 
papers which might be regarded as .classical, apd on 
the other hand to^hose which, by reason of being 
somewhat new, have not yet found their way into 
systematic treatises. I must take this opportunity 
of expressing my obligations to the Odontographies 
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of Owen and Giebel, to Sir Wm. Plower’8 Lectures 
on Odontology, to Flower & Lydekker’s Mammalia, 
to the Article on Teeth by Ih\ Worthman in the 
“American System of Dental Surgery,” and to the 
Hch contributions of Prof. Marsh, Cope, and Osborn 
towards our knowledge of the amazingly varied 
extinct Mammalian Fauna of America, of all of 
which I have made free use. 

OHARLKS S. TOMES. 


9, Pakk Chescrnt, London, Vf . 
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HUMAN AND COMPARATIVE. 


ERRATUAI. 

I'afjc ’JoP. There is a slight error in Fig. Ill, which makes the ilescrip- 
tion of the movements of the hones whicli follows somewhat 
nnintclligiblc. The hinder end of the pterygoid, instead of hanging 
free as represented, should have been drawn (as in Fig. 110) a.s 
being united with tlie distal end of the quadrate bone, close to the 
articulation of the latter with the mandible. 


what is ordinai ily understood by it, than to franwf any 
single senttnee wliicli shall fulfil the requirements of logical 
definition. Most vertebrate and a great many invertebrate 
animals have certain hard masses in or near to the orifice 
of the alimentary canal, ^.e., the mouth ; by these hard 
masses, sometimes of bony and sometimes of horny nature, 
various offices in connection with the prehension or com- 
minution of food are performed, and to them the, term 
“teeth” is a])plied. ]^ut whilst in some animals these 
functions arc performed by horny bodies, recent researches 
have shown that at all events in several cases these horny 
teeth are superimposed upon true tooth germs, calcified to 
some extent, Avhieh they supersede, and the exact relation 
of the one to the other requires further elucidation. Iri 
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many animals, teeth have come to be used for purposes 
other than those of nutrition, such as sexual warfare ; but 
it can hardly be doubted that teeth primarily had to do 
with the nourishment of their possessor. 

The subject of the homologies of the teeth cannot be fully 
entered upon until the details of their development have 
been mastered ; still a few words may even at the outset be 
devoted to the elucidation of their real nature. 

The mucous membrane which lines the alimentary canal 
is continuous with — is, indeed, a part of — the external skin, 
with which it blends at the lips. Now, if a young dog-fish, 
just about to be hatched, be examined, it will be found that 
it has no distinct under lip, but that its skin turns in over 
its rounded jaw without interruption. The skin outside 
fames spines (placoid scales), (*) and these spines are con- 
tinued over that part of it which enters the mouth and 
bends over the jaws ; only they are a little larger in this 
latter position. If the growth of the dog-fish be followed, 
these spines of the skin which cover the jaws become deve- 
loped to, a far greater size than those outside, and the identity 
and continuity of the two become to some extent masked. 
No one can doubt, whether from the comparison of adult 
forms or from a study of the development of^he parts, 
that the teeth of the shark correspond to the teeth of other 
fish, and these again to those of reptiles and mammals ; it 
may be clearly demonstrated that the teeth of the shark 
are nothing more than highly developed spines of the skin, 
and therefore we infer that all teeth bear a similar relation 
to thQ skin. This is what is meant when teeth arc called 

dermal appendages,” and are said^to be perfectly distinct 
from the internal bony skeleton of the animal ; the teeth of 
the shark (and of many other creatures) are not only deve- 


*‘The i)lacoid scale has the structure of dentine; is covered by 
enamel, and is continued at its base into a plate formed of osseous tissue.” 
— (iegenbaur's Comparative Anatomy, translated by F. Jeffery Bell, p. 424. 
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loped, but always remain imbedded in tough mucous 
membrane, and never acquire any connection with the bone. 
Indeed, all teeth alike are developed from a part of the 
mucous membrane, and any connection which they may 
ultimately get with the bone is a secondary matter. As it 
has been well expressed by Dr. Harrison Allen (‘ Anatom j 
of the Facial Region ’), “if the hairs of the scalp were to be 
inserted into the skull, or of the moustache into the upper 
jaw, we should express great astonishment, yet such an 
extreme proposition is no more remarkable than what is 
seen to take place in the jaws;” again, “the feathers of 
certain birds making impressions on the radius, the whale- 
bone pendent from the roof of the mouth, are examples of 
this same association of tegumentary appendages with the 
bones.” 

To these may be added the horny plates of Ornitho- 
i hynchus, which are pure hardenings of the stratum corneum 
of the oral epithelium, but nevertheless have definite beds 
provided for them on the bones. 

In their simpler forms, then, teeth are met with as very 
numerous spines, differing but little from the spines of the 
skill except in size, and still less from one another. In thcf next 
stage, exe^iplified in many fish, the teeth, though more 
specialised, are scattered over almost every one of the nimierous 
bones wliich form i)art of the walls of the mouth and pharynx ; 
then in reptiles they are much more limited in position, 
whilst in mammals they are absolutely confined to the inter- 
maxillary, maxillary, and mandibular (lower maxillary) 
bones. In fish and reptiles it is the exception for the* teeth 
in different parts of thermo iith to differ markedly from each 
other ; in mammals it is the rule. 

Teeth owe their hardness to an impregnation with salts of 
lime ; the organic matrix may be of albuminoid character, 
in which case the tooth is of horny consistence, and is spoken 
of as “ cornified ; ” or the matrix may be, like that of bone. 
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gelatigenous, in which case the tooth is more richly impreg- 
nated with salts, and is spoken of as “ calcified.’’ 

Horny teeth, so far as they have been investigated, consist 
of aggregations of cells of the stratum coriieum of the oral 
epithelium, and they are penetrated on their under side by 
the papilla; whose enormously exaggerated epithelial coats 
have built them up. 

The great mass of a calcified tooth is usually made up of 

dentine,” which gives to it its characteristic form, and often 
practically constitutes the whole tooth ; to this may or may 
not be added enamel and ccmentiim. 

The simplest teeth are hollow cones, and have no roots : 
they are calcifications of papilla;, and, as has already been 
mentioned, arc sometimes practically identical in structure 
and form with similar spines upon the skin. 

As these simple teeth are generally very numerous, it has 
occurred to some morphologists that multicuspid teeth have 
originated by the coalescence of several simple cones, each 
cusp thus being tlie representative of an original separate 
tooth. But there is a gooil deal to be said against the 
acceptance of such a view; the question can, liowever, be 
bettcav discussed at a subsequent page. So it will siifticc to 
say here that it is much more probable that additj^onal cusps 
arise by some process of evolution. 

It is thus usual to speak of there being two kinds of 
teeth, namely, horny or albuminous, and calcified teeth ; 
but the development of the former is not yet fully 
known, and it is hence impossible to determine the exact 
relation in which tliey really stand to other, or calcified, 
teeth. 

c 

The horny teeth of Ornithorhynchus have been shown 
to be purely epithelial, and to consist entirely of cells of 
the stratum corneum arranged in parallel columns which 
are penetrated by papillary processes of the oral epi- 
thelium. Ill other words they are an aggregation of long 
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papillse, in which the stratum corneum is abundant and hard, 
squeezed together to form a coherent mass. These homy 
teeth do the work of mastication during the greater part ot 
the animars life, but when the creature was half grown, it 
possessed true teeth with multi-cuspid grinding surfaces and 
short stunted roots. At that period the homy plates were 
not fully formed, but they were situated underneath thfe 
true teeth, for which they formed a bed, and were incomplete 

Fig. 1(0. 


le 


only where the roots of the teeth passed through them. 
When the teeth were shed they became complete, and the 
peculiar sculpturing of their surfaces is due to their having 
once formed a bed for the short-rooted molars. But they 
are obviously not in any way homologous with, true 
teeth. • 

The horny teeth which surround the sucking mouth of 
the lamprey are found to consist of one or more superimposed 

(^) Tooth of Myxine. d. Dentine cap. c. Enamel (?). he, Horn form- 
ing epithelium, p. Pulp. 
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horny cones, standing upon a dermal papilla, and arising 
from a hom-producing groove around the base of the papilla 
(Beard, Morphological Studies, Jena, 1889). But the horny 
tooth of Myxine (the Hag) is yet more remarkable : in it 
the horny cone is superimposed, not upon a simple papilla, 
but upon a tooth germ which goes on to a considerable 
degree of calcification. Like the horny cone of the lamprey, 
its free edges rest in a horn-forming groove of oral epithelium. 
Inside it is a hard cone which appears to be a form of im- 
perfect dentine (with vjiscular canals in it ?) : this Prof. Beard 
believes to be capped with enamel in one of his specimens, 
and in the interior of this is a pulp with odontoblasts, 
'rhcrc is great difficulty in making out the structure, as 
these combined horny and calcified teeth almost defy ordinary 
methods of preparation. 

The figure given above is somewhat diagrammatic, and is 
compounded from Dr. Beard’s figures, and from a section 
wliich he was so kind as to lend me. 

Between the horny cap and the dentine is an epithelial 
structure which is in the position of, and seems to play the 
part of, an enamel organ. 

CfUpified teeth are composed of one or more structures 
which arc in great measure peculiar to the tect^J (although 
w'hat ii^’to all intents and purposes dentine, is to be found 
in the skeletons and in the dermal appendages of some fish, 
and other exceptions might be found to the absolute accu- 
racy of the statement), and hence are called “ dental tissues.^’ 
Notwithstanding the existence of certain transitional forms 
it is not possible to doubt the propriety of a general division 
of dental tissues 'into three, viz.. Dentine, Enamel, and 
(’ementum. 

The first named of these constitutes the greater part of 
all teeth, and so far predominates in mass over the other 
constituents that, in very many cases, the tooth would 
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nearly retain its form and character after the removal of the 
enamel and cementum. 

This central body of dentine, enclosing the pulp, is very 
often covered by a cap of enamel, which forms the surface 
of the tooth ; this may be very partial, as in the eel or the 
newt, in which animals only this enamel-capped tip of the 
tooth projects far above the surface of the mucous membrano; 
or it may cover a much larger proportion of the tooth, as 
ill man. Perhaps the most usual condition is that the 
enamel invests the whole crown of the tooth, stopping short 
at about the level to which the gum reaches, as in the 
human and most other mammalian teeth of limited growth. 
In teeth of persistent growth the enamel extends down into 
the socket as far as the base of the tooth ; in such cases it 
may embrace the whole circumference of the dentine, as in 
the molar teeth of many rodents, or it may be confined to 
one side only, as in their incisor teeth, where by its greater 
hardness it serves to constantly preserve a sharp edge as 
the tooth is worn away. The enamel is believed to be quite 
absent from many teeth • thus the subclass Kdentata com- 
prising slotiis, armadillos, and ant-eaters have it not the 
narwal, certain cetaceans, some reptiles, and many fish also 
have none. 

But although it might appear an exceedingly simple 
matter to determine whether a tooth is or is not coated with 
enamel, as a matter of fact in practice it is not always easy 
to be certain upon this point. When the enamel is tolerably 
thick there is no difficulty in making sections which show 
it satisfactorily, but when it is very thin it is apt to 
break off in grinding down the section. -And even when it 
does not, it is in sue! cases usually quite transparent and 
structureless, and the outermost layer of the dentine being 
also clear and structureless, it is very hard to decide whether 
the appearance of a double boundary line is a mere optical 
effect due to the thickness of the section, or is indicative of 
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a thin layer of a distinct tissue, which might be either 
enamel or cemcntum. 

My own investigations upon the development of the teeth 
of fish and reptiles have led me to suspect that rudimentary 
layers of enamel exist upon many teeth on which their 
presence has not been recognised, for I have found that the 
formative enamel organs occur universally, at least they 
exist upon all tooth germs which have been adequately ex- 
amined. Upon the teeth of snakes, wliich were stated by 
Professor Owen to be composed only of dentine and cement, 
I have endeavoured to shovr that a thin layer of enamel 
exists, and that there is no cementum. The frog has an 
enamel organ as distinct as that of the snake, but I am 
hardly positive that there is enamel upon its teetl), although 
there is an appearance of a thin coat of distinct tissue. I 
have also demonstrated that the armadillo has an enamel 
organ, but have failed to discover any enamel or anything 
like it upon the adult teeth, and Professor Sir Wm. Turner 
has made a similar observation upon the narwal. 

At all events we may safely say that in these and many 
other creatures no functional development of enamel takes 
place : whether it docs or does not exist in an extremely 
thin and rudimentary layer has become a question of much 
less significance, since I have shown the presence of an 
enamel organ to be probably universal at an early 
stage. 

Hence in endorsing Professor Owen’s generalisation that 
the dentine is the most and enamel the least constant of 
dental tissues, it is to be remembered that it may be so in 
completed teeth, but recent researches into the development 
of teeth have very materially modified the conceptions 
formed as to the relations of the dental tissues to one 
another, and must lead us to examine carefully into such 
deductive statements before accepting them. 

The remaining dental tissue is cementum, which clothes, 
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in a layer of appreciable thickness, the roots of mammalian 
teeth, and reaches up as far as the enamel, the edge of 
which it overlaps to a slight extent ; when the cementum is 
present upon the crown, it occupies a position external to 
that of the enamel. Cementum occurs universally upon the 
teeth of mammalia, but it is not always confined to the root 
of the tooth ; in many teeth of persistent growth it originally 
invested the whole crown, and after it has been worn from 
the exposed grinding surface, continues to invest the sides 
of the tooth. (See the description of the complex teeth of 
the elephant, cow, horse, etc.) 

It is probably entirely absent from the teeth of snakes, and 
indeed of very many reptiles ; in the reptilian class, at all 
events, it appears to me to be confined to those in which the 
teeth are lodged either in sockets or in a deep bony groove, 
as I am unacquainted with any tooth anchylosed to the jaw 
in which it exists, unless w^e are inclined to include under the 
term cementum the tissue which I have designated “ bone of 
attachment.” (See “ Implantation of Teeth.”) 


ENAMEL. 

• • 

Upon the outer surfiice of the dentine the enamel forms 
a cap of a very much harder and denser matewal. In 
its most perfect forms it is very far the hardest of all 
tissues met with in the animal body, and at the same 
time the poorest in organic matter. In the enamel of a 
human adult tooth there is as little as 3 i to 5 j)er cent, 
of organic matter, and, judging from its brittleness and 
transparency, there i^ probably even less in the enamel 
of some lower animals ; the lime salts consist of a large 
quantity of calcium phosphate, some carbonate, iind a trace 
of fluoride; in addition, there is a little magnesium 
phosphate. 
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Von Bibra gives two analyses of enamel : 



ADULT 

MAN. 

ADULT 

WOMAN. 

(Vilcium Phosphate and Fluoride . 

89*82 

81-63 

Calcium Carbonate . . . . 

4*37 

8-88 

Magnesium Phosphate . 

1*34 

2-55 

Other Salts 

•88 

•97 

C'artilage 

3*39 

5-97 

Fat 

•20 

a trace 

Organic ..... 

3-59 

5-97 

Inorganic 

96-41 

94-03 


Owing to the very small proportion of organic matter 
enamel when treated with a mineral acid wholly disappears, 
no organic framework being left behind. The structure of 
enamel, composed as it is of prisms of calcified material, is 
closely imitated in the invertebrate world by the shell of 
Pinna and many other molluscs, but these differ in several 
respects, amongst others in having so large a proportion of 
organic basis as to retain a structure after decalcification, 
and in their lime salts consisting almost wholly of calcium 
carbonate : no such prisms consisting of calcium j)hosphate 
are knowai except in enamel. In teeth of limited growth the 
enamel terminates by a thin edge at the neck of the tooth, 
where it is overlapped to some slight extent by the 
cementum. And when a thick coating of cementum exists 
over the whole crown, this lies outside tlie enamel, the 
proper place of whicli is therefore between the pementum 
and the dentine. • 

The cap of human enamel is of vSrying thickness, being 
thicker in the neighbourhood of cusps than elsewhere. Its 
external surface is finely striated, the course of the strite 
being transverse to the long axis of the crown ; in addition 
to this very fine striation, there may be a few deepet and 
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inor& pronounced grooveu, or pits, which arc pathological, 
and are marks of checks in development more or less com- 
plete. The enamel of some animals is, to all appearance, 
structureless ; such is the nature of the little caps which, 
like spear points, surmount the teeth of some fishes, and 
which from their extreme brittleness are often lost in pre- 
paring sections, so that their very existence has long been 
overlooked. Some of these enamel tips, however, present 
an appearance somewhat similar to the enamel of Sargus 
(p. 25). But the absence of structure, if such it really be, 
is after all a mere (piestion of degree : in the commonest 
form of enamel, such as that of the human teeth, there is a 
finely fibrous structure, very apparent in imperfect teeth, 
but far less so in well-formed ones, and the enamel tips of 
fish are in the manner of their development, fibrous ; so that 
even though we cannot distinguish its constituent fibres 
when it is completed, this is meiely an indication that calci- 
fication has progressed a little farther than in human teeth : 
if calcification only goes far enough, all structure, if not de- 
stroyed, will at all events be masked from sight. 

The structure of human enamel has been stated to be 
fibrous ; that is to say, it has a cleavage in a ^definite 
directioi^ and is capable of being broken up into fibres or 
prisms, which seem in tmnsverse section to ap'Jjroximate 
more or less closely to hexagonal forms brought about by 
their mutual apposition. The jirisms run from the dentine 
towards the free surface ; this is, however, subject to many 
minor modifications. The curved and decussating course of 
the human enamel prisms renders it difficult to trace them 
throughout their length, but the structure of the enamel of 
many lower animals (especially the rodents) is more easily 
intelligible. Enamel such as that of the Manatee, in which 
all the prisms pursue a perfectly straight course, is of com- 
paratively rare occurrence, but among the rodents the 
courses pursued by the enamel prisma are simple, and pro- 
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duce very regular patterns, which are constant for particular 
families (J. Tomes). Thus, in the Sdurukti, a section of the 
enamel, whether longitudinal or transverse, appears divided 
into an outer and inner portion, in which the prisms, 
although continuous from the dentine to the free surface, 
pursue different directions. As seen in longitudinal section, 
the enamel prisms start from the dentine at right angles to 
its surface, and after passing through about two-thirds of 
the thickness of the enamel in this direction, abruptly bend 
towards the tip, forming an angle of 45 degrees with their 
original course. In transverse section the enamel prisms arc 
to be arranged in horizontal layers, each layer being a single 
found fibre in thickness ; in alternate layers the prisms pass to 
the right and to the left, crossing those of the next layer at 
right angles, and thus making a pattern of scpiares in the 
inner two-thirds of the enamel. Ihit in the outer third of 
the enamel, where the prisms bend abruptly upwards, those of 
superimposed layers no longer pass in opposite directions, 
but are all parallel ; in fact no longer admit of distinction 
into alternate lamiiue. 

Thus each layer of enamel prisms passes in a very 
definite, direction and, seen with those of other layers, 
forms a very characteristic pattern ; but the enampl prisms 
are not yJany part of their course curved. 

In the beaver the course of the prisms is not quite so 
simple : to take the longitudinal section first, instead of the 
prisms starting off at right angles to the surface of the 
dentine, they are inclined upwards towards the apex of the 
tooth at an angle of 60 degrees; then, after passing through 
about half the thickness of the enamel, they turn up 
abruptly again, so that they are approaching to parallelism 
with the dentine, here making in fact an angle a little less 
than 30 degrees with it. 

It follows from this that no transverse section can show 
very plainly the direction of the prisms in both parts of their 
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course. The most instructive transverse section is one 
cut parallel with the layers near to the dentine ; this will 
plainly show the successive layers passing to the right and 
to the left just as in the squirrel, but the yet more inclined 
fibres of the outer half of the enamel will be cut across 


Fra. 2 {'), 



obliquely ; for this reason the figure may be regarded as 
so far diagrammatic that this obliquity of cutting has been 
corrected, and the figure drawn from two sections, in 
each of which one set of fibres was parallel with the plane 
of tlie section. It is still further complicated by the fact 

»• 

(^) Tnmsiferse section of dentine and enamel of a Beaver ; in the inner 
half the prisms of contiguous layers cross each other at rigid, angles, in 
the outer they are parallel. Owing to the peculiarity of the direction in 
which the enainei fibres in the I3eavcr run, this figure hiis for cleamess 
been rendered somewhat diagrammatic. 

It is obrions that a transverse section in order to show the decussation of 
superimposed layers clearly, must bcpai-allel with the layers, l.e.^ oblique. 
But this obliquity will not be right for the outer portion in which the 
fibres arc yet more inclined upwards, and being cut> obliquely are iwnfusing 
in appearance. Hence in^tlie figure this has been corrected, and the 
simpler outer layer dmwn as though the plane of ilie section were really 
parallel to the fibres in both layers. 

The reader is requested to ignore the parallel lines in the left-hand 
portion of the figure, which arc due to an unsuccessful attempt to represent 
what is really seen in a single section. 
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that the outer layer are not only inclined upwards but also 
sideways towards the middle line of the head; thus the 
middle line of the head would be a])ovc the section as 
represented. As regards the decussation of the prisms of 
alternate layers, it is similar to that of the Sciuridee, but it 
differs in the lamina) being slightly flexuous instead of pur- 
siling perfectly straight lines. 

In tlie porcupine family very much more complex imttems 
are met with, the enamel prisms being individually flexuous, 
and their curves not being confined to one plane ; the indi- 
vidual prisms pursue a serpentine course, and cannot be 
followed far in any one section. Near to the surface, how- 
ever, they all become ])arallel, the enamel thus conforming 
with that of other rodents in being divided into two portions 
(at least so far as the course pui*sued by, and the pattern 
traced by, its fibres in its inner and outer parts can be said 
to so divide it). Tlic LeporidiVy or hares, form an exception ; 


Fig. 3P). 



their enamel has no such lamellifoiitn arrangement, but 
is built uji merely of slightly flexuous prisms. 

By tracing the courses of enamel prisms from the simple 

0) Human enamel, from the masticating surface of a molar. The 
figure is merely intended to show the general direction of the fibres. 
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pattern found in the Manatee through that of the squirrel, 
dormouse, and the poreupine, we see how a very definite 
arrangement, at first simple, becomes modified into some- 
thing a little more complex, till at last it reaches a degree of 
complexity that looks like mere disorder. No one un- 
familiar with the enamel of other rodents, looking at the 
enamel of the poreiii)inc, would be able to unravel the very 
indefinite looking chaos of prisms before him \ but had he 
studied forms in some degree transitional he could not 
doubt that the tortuous, curving course which he saw the 
prism to be pursuing was nevertheless perfectly definite and 
precise, and formed part of a regular i)atteni. It is very 
usual for the individual prisms, like dentinal tuV)e.s, to 
pursue a spiral course. 

In perfectly healthy human enamel the fibrillar arrange- 
ment is not so very sti’ongly marked ; the prisms arc solid, 
arc apparently in absolute contact with one another, witliout 
visible intervening substance. 

but Bodecker, basing his conclusions upon the exami- 
nation of thin sections stained with chloride of gold, holds 
that enamel is built up of columns of calcified substance, 
between which minute spaces exist. These are filled, by a 
material ^lich takes the stain deeply, and is probably 
analogous to the cement substance of cpitheliaf., forma- 
tions. He states that it gives off exceeding fine thorns, 
which a])parently pierce the prisms at right angles to 
their length, so that it forms a close network very 
intimately mixed uj) with the calcified portion of the 
enamel. 

It is not of uniform thickness, but is beaded, and Biiclecker 
attributes to it a role of far greater importance than that of 
a mere cementing substance, for he regards it as being an 
active, protoplasmic network, which renders the enamel 
much more “alive ” than it has hitherto been considered to 
be. He believes it to become continuous with the soft 
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contents of the dentinal tubes through the medium of large 
masses of protoplasmic matter found at the margins of the 
enamel and dentine. 

But although there arc various reasons for suspecting that 
enamel is not completely out of the pale of nutrition from 
the moment that a tooth is cut, yet further observations are 
ribeded before the activity and importance of the cement 
substance demonstrated by Bddccker can be held to be fully 
established. Klein remarks that “ the enamel cells, like all 
epithelial cells, being separated from one another by a homo- 
geneous interstitial substance, it is clear that the remains 
of this substance must occur also between the enamel 
prisms ; in the enamel of a developing tooth the interstitial 
Eubstance is larger in amount than in the fully formed 
organ. It is improbable that nucleated protoplasmic masses 
are contained in the interstitial substance of the enamel 
of a fully-formed tootli, as is maintained quite recently by 
Bodeckcr.” 

Von Ebncr, Avho has recently investigated the subject 
of enamel (Sitzimf/sherichte d. Kaiser, Akad, 1889), holds 
that there is an uncalcified cement substance between 
the prisms, which appears to be traceable into con- 
tinuity with Nasmythb membrane, which, how'^ver, acids 
cause tv* peel off, so that this continuity may be merely 
apparent. 

The study of the development of marsupial enamel, to be 
alluded to at a future page, by showing that the enamel is 
penetrated by soft tissue differently placed, also tends to 
throw doubt upon Bbdecker’s interpretation. W. J. Barkas 
{Monthly Review of Dental Surgery^ 1S74) has also perhaps 
had under observation this cementing substance ; he 
believes that the enamel prisms of human enamel are 
tubular, with minute canals running along their axes. 

On the whole the prisms are parallel, and run Iroin the 
surface of the dentine continuously to that of the enamel. 
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Tiieir i)aths are not, however, either perfectly straight or 
perfectly parallel, for alternate layers appear to be inclined 
in opposite directions, while they are also wavy, forming 
several cuiwes in their length. The curvature of the enamel 
prisms is most marked upon the masticjiting surfiicc ; while 
the layers, alternating in the direction of their inclination 
as just described, «are in planes transverse to the long axis* 
of the crown, and correspond to the fine strim on the surface 
of the enamel, which appear to be caused by their outcrop. 
Tlie curvatures take place in more than one plane ; in other 
words, the course of the individual prism is more or less 
a spiral. 

Although most prisms nin through the whole thickness 
of the enamel, yet inasmuch as the area of the outer is much 
larger than that of the inner surface of the enamel, and the 
individual prisms do not undergo any alteration in size as 
they pass outwards, many supplemental fibres are present in 
the outer portions which do not penetrate far inwards. 

The individual fibres are to all appearance structureless 
ill perfectly formed human enamel, but a fiiint transverse 
striation, fainter, but otherwise not unlike that of voluntary 
muscle, is so general that it cannot be regarded as patho- 
logical, altbough it is most strongly developed in imperfect 
brownish enamel. The striation in (]uestion may be seen 
even in a single isolated fibre, and is not necessarily con- 
tinuous over adjacent fibres, though it often is so ; it is 
rendered more apparent by the slight action of diluted acids 
upon the filire. Very various interpretations of this appear- 
ance have been given. It has been attributed to “an inter- 
mittent calcification '' pf the enamel fibre (Hertz), but is 
with more probability referred to varicosities in the indi- 
vidual fibres (Kdlliker, Waldeyer) (*). It is very marked in 

(^) The t>triatiou of voluntary muscle has been alleged to be due to 
this same cause (Dr. Hayci-aft, “Proceedings of Royal Society,’* Feb. 
1881). 
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the enamel of the common rat, which shares w^ith that of 
other Miirida) the peculiarity of liavinjx the individual fibres 
almost serrated, those of adjacent crossing layers being fitted 
to one another with great exactness. In human enamel the 
adjacent fibres, if united without any intermediate cement- 
ing medium, and pursuing courses slightly different, must 
of necessity be of slightly irregular form, or else interspaces 
would be left, which is not found to be the case. Thus the 
“ decussation of the fibres ” is a plausible explanation of this 
appearance of striatioii ; indeed isolated fibres do present an 
appearance of slight varicosities, rejieated at regular in- 
t(;rvals. That the striatioii of enamel prisms is due to this 
cause is confirmed by ^Ir. Feliigcr, an American expert in 
the resolution of diatoms, to whom enamel sections were 
submitted for his opinion by Dr. Xavier Sudduth. That the 
striatioii of voluntary muscle is due to these varicosities has 
been strongly urged by Dr. llaycraft (Fror. No//. Sor. 1881), 
and this is confirmed by Prof. Ewald of Strasbiirg (Nature, 
Nov. 1892), wlio finds that by ])ressing niusenlar fibre upon 
a film of moist collodion that substance reproduces the 
striatioii, and that by overstaining witli silver nitrate, so 
thahjthe fibres are rendered absolutely oj)a([ue, it may be 
shown by reflected light, the surface ajipearing #nadc U|) of 
reguhmfy recurring hills and valleys. The iienetration, at 
regular intervals, of the jirisms by the “ thorns of cement 
substance (seepage 15), affords another jxissible explanation. 
Von Ebiier, however, holds that the cross strife are due to 
the action of weak acid, and that the reason that they are 
seen in dry sections is that the Canada balsam in which 
they are usually' mounted has a feeble acid reaction, and 
ho says that a similar etched jiattern may be produced by 
acids on some crystals. 

He does not, however, infer that the [irisms are thcrcfoi e 
necessarily crystalline, but only that there are physical 
differences in their different parts. 
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Although the perfect enamel fibre appears to be entirely 
homogeneous, it is not really so, for acids act with far greater 
rapidity upon the central or axial portion of the fibre than 
upon its perii)hcry. The accompanying figure, taken from 
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enamel softened by maceration in a \ per cent, solution 
of chroujic acid, shows this well ; the central portions of 
the fibre are dark, and arc stained green by the reduced 
chromium sesquioxide, while the clear iiiters])aces are 
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colourless. Again, if dilute hydrochloric acid be applied to 
a section of enamel, the axial parts of the fibres are first 
attacked and are dissolved away, so that, if the section be 
transverse, a fenestrated mass remains. During the forma- 
tion of enamel the hardening salts are deposited first in the 

(b From human enamel, softened in chromic acid, until it could be 
readily cut with a knife. 

(-) Transverse section of enamel, the axial portion of the prisms having 
been removed by dilute hydrochloric acid. 
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centre of a fibre. Although calcification goes on to obliterate 
the visible difference between the centre and the periphery 
of the enamel fibre, yet the action of an acid reverses the 
order of its formation and once more makes it fenestrated, 

(^) Cavities in liuinan eriamcl, which communicate with the dentinal 
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indicating that there is not absolute identity of substance 
ill the inner part of the fibre. In imperfect enamel, indeed, 
a central narrow canal is said to have been observed in the 
interior of an enamel fibre. 

Ill fractured enamel, the line of fmeture is said to run 
through the centre of the fibres, and not, as might have 
hecn expected, through their interspaces, but this I have not 
verified. 

There is also an appearance of striation upon a far larger 
scale, consisting of brownish lines, which arc never, or very 
rarely, (piite parallel with the outer surface of the enamel, 
but which nevertheless preserve some sort of parallelism 
with it and the surface of the dentine. These are known 
as the “ brown striie of Uetzius,” and, as they coincide with 
what was at one time the outer surface of the enamel cusp, 
are in some sense marks of its stratification in its original 
deposition. 

Voii Kbner suggests that they are due to the entrance of 
air into spaces between rows of enamel prisms. 

There is another class of markings seen upon the surface 
of a section of enamel, known as Schreger’s lines ; these are 
dependent u])on the difterent directions f)f contiguous g^’oups 
of prisms, mid can only be seen by reflected light, and then 
only in longitudinal sections — by transmitted light fliey are 
(piite invisible (v. Kbner). 

Pigment is seen in the enamel of many rodents ; it is in 
the outer layers of the enamel, but has no sharply defined 
boundary, fading away gradually into the colourless tissue 
lying within it. Some authors have supposed that the pig- 
ment lay ill a thin coaling of cementum, or in a very dis- 
tinct layer of enamel, but as has just been stated, such is 
not the case. 

Cavities of irregular form sometimes exist in the enamel 
near to the surface of the dentine, and when such spaces 
exist the dentinal tubes sometimes communicate with them, 
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Fig. 7 ('). 



(*) Enamel and dentine of a Kangaroo {Macrojms nwjor). 

The dentinal tubes in the dentine (A) are furnished with numerous 
short branches at the line of juncture with the enamel ; they are dilated, 
and a little bent out of their course, while beyond the dilation they pass 
on through about two- thirds of the thickness of the enamel in a straight 
course and without branches. Only a part of the whole thickness of the 
enamel is shown in the figure. 
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but these are perhaps to be regarded as pathological; 
Bodccker regards them as filled up by protoplasm. Irregular 
fissures and cavities also occur upon the outer surface of the 
enamel, which also luxve no special significance save as pre- 
<lisposing causes of dental caries. 

In mail, however, dentinal tubes may occasionally be seen 
to enter the enamel, passing across the boundary between 
the two tissues, ainl pursuing their course without being lost 
in irregular cavities, though this apjiearance is seldom to be 
found. As was pointed out by my father, the passage of the 
dentinal tubes into and through a great jiartof the thickness 
of the enamel takes place in marsupials with such constancy 
as to be almost a class characteristic. 

Idle only exce[)tion to the rule amongst recent marsupials 
occurs in the wombat, in which no dentinal tubes enter the 
enamel ; those extinct mai’supials which have been examined 
present, as might have been expected, a structure in this 
respect similar to that of their nearest allies amongst the 
recent genei-a. 

The enamel of the wombat is peculiar also in another 
respect, being covered by a strong and remarkably uniform 
layer of cementum, 

Tlie pouptration of the enamel by dentinal tubes is not, 
however, a peculiarity quite confined to the marsu^jials, for 
it is to be found in some rodents the jerboa), and in 
some insectivora {e tlie Soriridfp), and in a good many 
fish. 

Waldeyer and Hertz doubt the passage of the tubes of the 
dentine into the enamel ; as Kblliker observes, it is difficult 
to see how they can doubt it, even after mere observation of 
a single specimen ; moreover, it is also cajiable of experi- 
mental demonstration, for if an acid capable of removing the 
enamel be applied to one of these sections of marsupial teeth 
so as to dissolve away the enamel, the freed tubes are left 
hanging out from the edge of the dentine, thus putting the 
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matter beyond all possibility of doubt. The penetration of 
tlie enamel by tubes continuous with the dentinal tubes 
seems rather common in fish ; these tubes in the enamel 
grow smaller as they leave the dentine and do not reacl» 
the exterior of the enamel : examples may be found in 
Serrasalmo, in the barbel, and in many extinct fish. 

• A fossil fish, Spherodus, shows a regular interlac- 
ing network of tul)es, which bend sharply' at various 
angles. 

Von Kbner states that those tubes in marsupials run 
not along tlie axes of the ])risms, but in their inter- 
spaces, and that this may be clearly' seen in transverse 
sections. 

But in Spherodus the tubes bend so sharply as to become 
parallel with the surface, or nearly so, and really seem to 
course ([uite indejoendently of tlie prisms, which again are 
not clearly visible, so that it is ecpially difficult to suppose 
that they run in their axes or in their interspaces. 

Another most marked variation in the structure of 
enamel, whicli is on the whole a tissue differing but little 
in various anim.als, is met with in the class of fish. 

In the iSargns, or slicei)'s-head fish, for example, the 
enamel is penetrated by a system of tubes wli^ch arc not 
continnfid out of or derived from the dentine, but belong 
to the enamel itself. 

The tubes, as seen in the figure, run at right angles to 
the external surfiicc of tlie enamel, proceed inwards without 
branch or bend for some little distance, and then, at about 
the same point, bend abnijitly at an angle, and give off 
numerous branche's. The meshwork^ produced by the cross- 
ing of the tubes at all sorts of angles in the inner part of 
the enamel is so complicated as to render it impracticable 
to reproduce it in a drawing. That portion of enamel next 
to the dentine is without canals. Von Boas (Zeits. f. wissen. 
Zoolog., Bd. xxxii.), describing the similarly constructed 
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enamel of scaroid fishes, says that I was in error in 
supposing that tlie canals open upon the outer surface 
of the enamel. Hut I do not understand his reasons 
for dissenting from my opinion, wliich re-examination of 
many specimens has tended to confirm, thongli here and 
there there are appearances as though the actual ends 
were blocked. I have not been able to satisfy inysolf 
whether the tubes occupy the inters] )aces of the enamel 
prisms or their axes. 

Tf a thin section be treated with dilute hydrochloric acid 
and watched during its action, the tubes a])pcar to resist it 
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a little longer than the interspaces, so that they projget as 
sliort rods»from the surface. 

It would appear also as if these tubes were einpt^' during 
life, as in sections they ajjpear to be more or less blocked up 
with dirt. The existence of the prisms at all is not (rertain, 
and this led Kdlliker to say that true enamel does not 
ap])ear to exist in fishes (Mik. Anat., p. 1 11) ; the enamel of 
fish is, however, developed from an enamel organ homologous 
with, and exactly lik§, that of amphibfa and reptiles, so (*) 

(*) KiiaTncI and dentine of the Shccp’s-liead flsli {S(frf/vs ovh). 

The enamel is penetrated by a system of channels which enter from its 
free exposed surface, pass in for a certain distance in straight lines, and 
then abruptly bending at an angle cross one another, and produce a com- 
plicated pattern in the inner third of the enamel. 
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that these aiioinaloiis tissues must be regarded as being 
unquestionably enamel. 

This form of enamel is perhaps more common amongst 
fish than was formerly supposed, and some of the sharp tips 
of enamel, such as those upon the teeth of Gathdd', pre- 
sent indication of a similar structure. 



CHAPTEE II. 

DKXTINE. 

Tiiii: (Icntiiio iiiakos up the greater part of every tooth, 
which thus, oven after the removal of tlie other tissues, 
would preserve somewhat its characteristic form Several 
varieties of deiitiue exist in which those peculiarities of 
structure which differentiate it from hone are less marked, 
so that a point is sometimes reached at which it is hard to 
say whether a particular structure should more rightly be 
described as dentine or as bone. It will be most convenient 
to commence with the description of that variety of dentine 
which differs most markedly from bone, or, in other words, 
which has the most typical “ dentinal ” structure ; and for 
that purpose the tissue met with in the teeth of man* and 
the majority of mammalia, (though it is by no means con- 
Hncd to that class.) and known under the name “hard ” or 
“ unvascular ” dentine, may be selected. 

Dentine is a hard, highly clastic substance, in colour 
white, with a slight tinge of yellow ; it is to some extent 
translucent, its transparency being often made more striking 
by contrast with the opacity which marks, the first advjsnt of 
dental caries. When lirokcn a silky lustre is seen upon the 
fractured surfaces, which, being in the main due to the 
presence of air in its tubes, is more apparent in dry than in 
fresh dentine ; its fracture is sometimes described as finely 
fibrous. 

The mass of the dentine consists of an organic matrix 
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richly impregnated with calcareous salts ; this matrix is 
everywhere permeated by parallel tubes, which radiate, with 
some minor exceptions, from the pulp cavity towards the 
surface of the tooth. 

The Matrix. — The exact chemical composition of the 
matrix is not known ; in man the proportion borne by the 
'organic to the inorganic constituents varies in difierent indi- 
viduals, and, very j)Ossibly, in the same individual at different 
ages, so that analyses can only give approximate results. In 
a fresli human tooth G2 ])er cent, of its weight was found to 
be inorganic salts, the tooth cartilage being 28 per cent., 
leaving a residue of 10 per cent, of water. 

Von Ilibra gives the following analysis of perfectly dried 
dentine : - 


Organic matter (tooth cartilage) 

. 27-61 

Viit 

. 0-40 

C^ilcium phosphate, and fluoride 

. 66-72 

(Jalcium carbonate 

. 3-;i6 

Magnesium phosphate 

1 -08 

Other salts . . . . . 

o-8:i 

llibra gives another analysis : - 

( ^irtilagc ..... 

. -^0-42 

•yat 

•58 

Salts ..... 

1-00 

Magnesium phosphate . 

. 2-40 

Calcium phosphate, and fluoride 

. 67-54 

(Jalcium carbonate 

. 7-97 

Berzelius gives ■ 

Gelatine and water . - t . 

. 28-00 

Sodium salts . . . . 

. 1-50 

Magnesium phosphate 

1-00 

Calcium phosphate 

. 6200 

Cjilcium fluoride 

. 2-00 

Calcium carbonate 

5-50 
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Galippe gives— 

Water and organic matter . . 25-29 

Mineral matter . . . .. 74-71 


Soluble asli (alkaline chlorides, and 
phosphates) ..... 

( ‘alciiim carbonate . . . . 

Magnesium carbonate 
(’alcium . . . . . . 

Magnesium . . . . . 

IMiosphoric tacid . . ... 

Silicates ...... 

Unde term incd 


-054 

0 - 35 

1 - 13 
45-11 

1-07 

23-7 

-04 

1-S 


The dentine of many mammals is very much more rich 
in magnesium phosphate than human dentine is ; even 
the latter, it would seem, from the discrepancies existing 
between the various analyses, is variable in com[)Osition, 
but, on the whole, it may be said that, amongst inorganic 
constituents of dentine, calcium phosphate largely ju-epon- 
derates ; from 3^ to S per cent, consists of calcium carbo- 
nate ; a much smallei- propoi-tioii consists of magnesium 
phosphate, j^vhile calcium fluoride exists in traces only.* 

The organic basis of the matrix is closely related to that 
of bone, with which however it is not identical ; It is of 
firmer consistence, and does not readily yield gelatine on 
boiling, but, according to Kdlliker (who (luotcs Hoppe), the 
dentine of the pig yields a substance resembling glutin, 
the dentinal globules remaining undissolved, 'fhe animal 
basis of the dentine is called “dentine -cartilage,” ilnd is 
readily obtainable by submitting a tooth for several days to 
the action of diluted acids. The form and most of the 
structural characteristics of a tooth so treated are main- 
tained, the dental cartilage ft)rming a tough, flexible, and 
elastic senii-transi^arent mass. 
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In the matrix of a perfect tooth no trace of cellular 
structure can be detected ; it is uniform and perfectly 
transparent. 

In the matrix of human dentine there is, under ordinary 
circumstances, little, if any, structure to be made out ; but 
the investigations of Mr. Mummery have shown that in 
caries of the teetli, which are then to some extent decalcified, 
an appearance like connective tissue fibres can be often seen 
in the matrix, and indications of the same thing can also be 
detected in some liealthy dentine. 

This observation, which chimes in with the descriptions by 
A^on Ebner of a similar connective tissue in the matrix of 
bone and of dentine, is strongly confirmed by what is seen 
in some Vaso-dentine. In this tissue the absence of a fine 
tube system renders it much more easy to see the nature of 
the matrix, vhich, under the influence of weak decalcifying 
agents, sometimes splits up into parallel fibres correspond in g 
exactly in size and direction to the bundles of connective 
tissue fibrils which occur with complete regularity on the 
surface of the ])ulp. 

Of the matrix of hard tubular dentine, then, we may say 
that.Oicre is normally no visible structure, but that it some- 
times breaks up in such a manner as to indicatCgthat there 
really i^ some trace left of connective tissue fibres which 
were once jiresent. 

Tlie Dentinal Tubes. — As has been already mentioned, 
the matrix is everywhere permeated by tubes, the precise 
direction of which varies in different parts of the tooth, 
so that the following dcscrijjtion of their course must be 
taken* as merely in a general way ^Icscrijitive, and not as 
of universal or precise application. Each tube starts by an 
open circular mouth upon the surftice of the pulj) cavity ; 
thence it runs outwards, in a direction generally per- 
pendicular to the surface, towards the periphery of. the 
dentine, which, however, it does not reach, as it becomes 
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smaller, and breaks u]) into branches at a little distance 
beneath the surface of the dentine. 

Near to the pulp they are so closely packed that there is 
little room hcbwcen them for the matrix, while near to the 
outside of the tooth they are more widely separated : their 
diameter is also greater near to the pulp cavity. 


Fks. 9 (M. 



^J’he dentinal tubes do not pursue a j)ef fectly stfaight 
course, hut describe curves botli on a larger and a* smaller 
scale. The longer curves arc less al)rui)t than the others, 
and arc termed the “primary curvatures they are often 
compared to the letter to which they hear a certain 
amount of resemblance ; the ])riniary curves are more 
pronounced in the crown than in the root. 

The secondary curvatures are very much more nunferous 
and arc smaller ; the a?tual course of the dentinal tube is^ 
in most places at all events, an elongated spiral, as may 
he very well seen in thick sections transverse to the tubes ; 

(*) Dontiiic and cumciitiim of tlie Nanval, showing contour lines due to 
rows of interglohular spaces. 
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by iiltei-iitions in the focus of the microscope the appearance 
of tlic tiil)o mahing a spiral turn is made very striking. 
The effect of an elongated spiral viewed on its side will be 
that of only slight undulations, such as are the secondary 
curvatures of the tubes. The spiral course of the dentinal 
tubes is most strongly marked in the roots of teeth. 

* AVheu a transverse section of dentine is viewed, bands or 
rings, concentric with the pulp cavity, arc seen, and the same 
bands may be seen in longitudinal section. Such a striated 
or laminated appearance in the dentine may be due to two 
causes ; and some little confusion has arisen in the nomen- 
clature, owing to its double origin not having always been 
kept in view. Such strim may be due to the jiresence of 
rows of interglobulai’ spaces, or to the coincidence of the 
primary curvatures of neighbouring dentinal tubes : that 
is to say, each tube bends at the same distance from the 
surface, and the bend makes a difference in the optical 
])ro])erties of the dentine at that point. 

Schreger described these latter : the lines of Schreger, 
therefore, arc markings, ranged parallel with the exterior of 
the dentine, which are due to the curvatures of the dentinal 
tubee, 

The “ contour lines of Owen, even in his i)wn works, 

include markings of both classes : i.e. those due to the 

curvature of the dentinal tubes, and those due to laminm of 

interglobular s])aces, such as are met wdth in the teeth of 

Cetacea, lietzius had seen and described contour markings 

due to interglobular spaces, though his name is not usually 

associated with them, the “ brown stripe of Retzius ” bein" 
• • ® 
markings in the enamel. « 

The tubes as they jiass outwards often divide into tw«) 
equally large branches ; they also give oft‘ fine branches, 
which anastomose with those of neighbouring tubes. In the 
crown of a human tooth these fine branches are compara- 
tively few, until the tube has reached nearly to the enamel. 
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hut in the root they are so iiuracrous as to afford a ready 
means of distin^^uishin^ whence the section has l)ccn taken. 
Tlic small branches above alluded to are given off at right 
angles to the course of the main tube, which, however, itself 
frequently divides and subdivides, its divisions pursuing a 
nearly parallel course. 

'fhe tubes are sulqect to slight varicosities, and their 
course is sometimes apparently interrupted by a small inter- 
globular S])ace, as is to bo seen in an extreme degree in the 
dentine of Cetacea. 

Owing to tlieir breaking up into minute branches, some 
Fkj. 10 t'). 



of the tubes become lost as they approach the surface of^tlic 
dentine, and apparently end in fine i)ointed extremities. 

Some terminate by anastomosing with terminal byauches 
of others, forming loo 2 )s near to the surface of the dentine ; 
others terminate far beneath the surface in a similar way. 

Some tubes pass into the small intcrglobular spaces 
which constitute the “ granular layer ” described by my 
father, while others again pass out altogctlier beyond the 
boundary of the dentine and anastomose with the canaficuli 
of the lacunm in the cementum. 

The enamel also may be 2 )cnetrated by the dentinal 
tubes, though this when occurring in the human subject 
must bo regarded as exceptional and almost pathological 

(^) Termination of a dentinal tube in the midst of the dentine— human. 

D 
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ill its nature (sec Fig. 6). As has, however, been men- 
tioned in s|icaking of the enamel, in most of the Marsupials, 
in a good many fisli, e.^., »Sphcrodus, Serrasalmo, Barbel, and 
in certain other animals it is a perfectl}" normal and indeed 
characteristic oceiirrence, diiliciilt though it be to see how 
such a relation of parts is brought about in the course of 
development of tiro two tissues. 

Dentinal Sheaths.— If dentine be exposed to the action 
of strong acid for some days, a sort of fibrous felt, or if the 
action of the acid has gone further, a transjrarent slime alone 
remains, hlxaminod with the microscope this proves to be a 
collection of tubes ; it seems to bo, in fact, made up of the 
immediate walls of the dentinal tubes, the intervening 
matrix having been wholly destroyed. 

Two facts are thus demonstrated : the one that the tubes 
have definite walls, and are not simple channels in the 
matrix ; the other, that these walls are composed of some- 
thing singularly indcsti’uctible. Indeed, the walls of the 
dentinal tubes are so indestructible that they may be demon- 
strated in fossil teeth, in teeth boiled in caustic alkalis, or 
in teeth which have been alhnvcd to putrefy. 

Al/hough Kblliker was, I believe, the first to describe and 
figure these isolated tubes, they are generally l^gown as the 
“denblnal sheaths of Neumann,*' the latter writer having 
more fully investigated and described them. The precise 
chemical nature of these sheaths will be more conveniently 
considered under the head of calcification : similarly inde- 
.structiblc tissues are, however, to be met with surrounding 
the Havei’siaii canals and the lacunie of bone. It is the 
opinion of Neumann, as it was ^Iso of lienle, that the 
dentinal sheaths are calcified ; but the proof of this is very 
difficult, as they cannot be demonstrated, or I should rather 
say, isolated, to any extent in dentine, unless it has been 
decalcified. Their existence as distinct from the fibrils has 
been recently denied by Magitot and by Dr. Sudduth. 
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^J'ransversc sections of dentine present fallacious a])pcar- 
ances, owinj^ to the thickness of tlie section giving to the 
tube a double contour which may be easily mistaken for a 
special wall. Immediately round the opening of the canal, 
or “ lumen,” as it is called, there is however generally a thin 
yellowish border, which may perhajis be the sheath of Neu- 
mann. Ill the earlier stages of ciiries, before the dentine is 
much softened, the walls of the canals become strikingly 
apparent. Hut it must be remembered tliat the dentinal 
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sheaths can only be fully demonstrated by processes which 
amount to a jiartial destruction of the dentine, and that 
they are therefore in some degree at all events artificial ; 
it may Ikj that they have no real existence until they are 
brought into existence by the action of these agents* lii 
that case a ifth at we are entitled to say, is, that tho imme- 
diate surroundings of the soft filiril differ somewhat in 
chemical constitution from tlic parts of the matrix which 
are more remote, so that under the action of destructive 
agents the matrix may be split np into the sheathing 
layers round the fibrils and the more soluble residuum of 
the matrix. (Cf. p. 38.) • • 

Dentine wonhl thus Ik) considered as a tissue made np of 
a calcified matrix, analogous to that of bone, permeated by 
the soft fibrils just as bone is permeated by canaliculi with 

(^) Transverse section of dentine. The appearance of a double contour is 
iio much exaggerated as to make the figure diagrammatic. 
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soft contents, but having this peculiarity, tlmt the latest 
formed portions of matrix, namely, those immediately em- 
bracing the fibrils, differ sufficiently from the bulk of the 
matrix in chemical constitution to cnahle them to be 
isolated as sheathing tubes. 

The canals which everywhere permeate the dentine are 
not empty, a. fact Avhicli might bo inhuTcd from the differ- 
ence in transluceucy and general aspect of dry and fresh 
dentine, whether seen in mass or in thin section ; neither 
are they, as was at one time supposed, tenanted merely by 
fluid. 

Dentinal Fibrils.- -Each canal is occupied l)y a soft 
fibril, which is continuous with a cell upon the surface of 
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the pulp ; the existence of these soft fihrj^ was first 
demonstrated by my father, who thus, to use the words of 
Waldeyer, “ opened the way to a correct interpretation of 
the nature of the dentine.” 

Henle, in his “Allgemeine Anatomic ” (1841), a transla- 
tion of a portion of which is to be found in tlie “Archives 
of Dentistry ” (ISGo), figured and described projections from 
the edges of fragments of dentin<j in continuity with the 
dentinal tubes. Tliese he distinctly describes iis calcified and 
rigidy adding that by the use of acids they may be made 

(^) A fragment of dentiiio (a) through which run the softer fibrils (c), 
which are seen to le continuous with the odontoblast cells IJi), (After Dr. 
Lionel Beale. ) 
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flexible ; lie speaks of the tube as empty, save when blocked 
by graimlav calcareous matter, and alludes to fluids enter- 
ing it by capillarity ; and lastly, he says nothing whatever 
of tlie connections of the pulp with the tubes. 

iMiiller (as ti’anslated in Nasmyth on the “ Structure of 
the Teeth,” 1«S:VJ) says, “in breaking flue sections of the 
teeth iici'pendicularly to the fibres, he has frequently seen 
the latter jirqjccting a little at the fractured edge. In such 
cases they arc quite straight and not curved, and seem to 
be not at all flexible. Hence it follows that the tubes have 
an organis('d basis, a membrane, and that this is stiff and 
brittle, and probably saturated with calcareous salts, but 
weak and soft in a decalcified tooth.” 

The whole importance of my fathers discovery lay in the 
fact that dentine is permeated by soft, nnr<dcljied structures ; 
and what is yet more significant, that these soft fibrils, per- 
meating the hard dentine, proceed from the pulp. In no 
sense, therefore, did Henlc anticipate this discovery. 

In IHo-t Lent figured processes from the dentinal cells 
(odontoblasts) which he rightly conceived to be concerned 
in the formation of dentine ; but in the earlier editions of 
the “ Histology ” of his friend and teacher, Prof. KcdKker, 
although 1/int’s discoveries are described and adopted with- 
out reservation, no mention of the real structure of dentine 
occurs. But ill a later edition. Prof. Kdlliker says — “after 
Tonics had described a soft fibre in each tube, 1 lell into the 
mistake of supposing that these fibres and the tubes Avere 
one and the same.” 

The circumstances under which the dentinal fibri|^ can 
or ciinnot be disco vcred%arc as follows, and may be taken as 
indications of a distinction between the dentinal fibrils and 
the dentinal sheaths. 

If a tooth section be submitted to the action of a caustic 
alkali and boiled in it, or be allowed to completely iiutrefy, 
so that the soft parts are entirely destroyed, the dentinal 
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sheaths can still be <lcnioiistrated, but the fibres can in no 
way be brouglit into view (Kollikcr). ^rho dentinal sheaths 
may be demonstrated also in fossil teeth, as has been shown 
by Hoppe (Wurzburg Nat. Zeitschrift, Hd. VJ. p. xi.) and 
others. 

Ill fresh dentine every formative cell sends a pro(?ess into 
tlic dentinal tubes (Tomes, Kollikei*, Lent, Waldeyer, Neu- 
mann), and it has been found possible to demonstrate both 
the sheaths and the fibres in the same sections (Neumann, 
Boll). 

In transverse and even in longituilinal sections of decalci- 
fied dentine the fibrils may be recognised m (Kollikcr). 

llilse has succeeded, by (lolgi^s rapid method of nitrate of 
silver staining, in rendering Neumann’s sheaths perfectly 
black, a transverse section of dentine thus prepared remind- 
ing one of the familiar tobacco-pi |)c appearance of dental 
caries, only that the sections of tobacco-pipe are black. As 
the intcrveiiiug nuitrix remains unstained, it is clear that 
Neumann’s sheaths differ from it in the degree of calcifica- 
tion, an interpretation which is borne out by the fact that 
in a longitudinal section the youngest dentine layer is also 
intensely black. 

If, prior to treatment by (lolgi’s stain, the t(»)th be pre- 
2;ared ly Koch’s (Weil’s) method, the soft parts, including the 
dentinal fibres, do not take the stain, so that in tlic trans- 
verse section the fibril is seen as a bright point in the 
middle of the black Neumann's sheath. In longitudinal 
serctioii the black sheath is fringed all along the course of 
the tijibes by processes more or less bridging across to the 
next ones, but the dentinal fibrils thave not been demon- 
strated in these branches. 

R()se concurs in describing NeumaniTs sheaths as especially 
resistant to acids and also to caries ; hence the distinctness 
of the “ tobacco-pipe a])pearaiice.” 

He would thus describe the structure of dentine : first, a 
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layer of uiicalcificd dentine is formed upon the surface by 
the conversion of some of the pulp elements into a gelati- 
geiious fil)iillar tissue. In the further progress, as lime 
salts impregnate the tissue thus formed, the axial portions 
of the odontoblasts remain protoplasmie, as dentinal fibrils ; 
around each fibril a tube-like portion of the ground sub- 
stance remains iinealcificd as Neumann’s sheath, the fine 
connecting branches being remains of uiicalcificd ground 
substance and not outgrowths of the librils. 

An interesting experiment was made by Ubse, with a view 
to ascertaining what amount of gelatigenous connective tissue 
was to be found in the pulp itself. 

He collected a number of pulps from a calf and also of a 
|)ig, added a few drops of waiter, and then boiled them, or 
rather subjected them for two houi’s to a temperature some- 
whait above boiling in ai digester. Only a trace of gelatine 
was the result of this proceeding, though a check-tube, in 
which a little connective tissue was placed, solidified at 
once on cooling, and gave all the reactions of gelatine ; 
from this it may be inferred that there is not much rcady- 
fornied connective tissue iif the pulp, axnd that the trans- 
formation into the gelatigenous tissue which exists iji* the 
formed dci’^ine abundantly must take place only at the 
immedmte surface. \ 

The contrast between the dentinal sheaths and the fibrils 
is this : — the sheaths are very indestructible, and can be 
demonstrated in teeth which have undergone all sorts of 
change ; the soft fibril is no longer dcmonstralde when the 
tooth has been placed in circumstances which wouhl lead 
to its soft parts pcrishiigg. In dentine, then, we have (i.) a 
matrix permeated by canals ; (ii.) soft fibrils contained in 
these canals, or “ dentinal fibres ; ” and probably also (iii.) 
special walls to these canals or “dentinal sheaths;” and it 
noAV remains to consider these in fixrther detail. 

In fortunate sections of small fragments of ileutino taken 



40 


A MANUAL OF J)ENTAL ANATOMY. 


from the edges of the cavity and including the surface 
of the pulp, the dentinal fibrils may be seen stretching from 
the cells of the siiperHcial layer of tluj pulp (odontoblasts) 
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into tlie dentinal tubes, as owing to these being extensile 
they ma}^ be stretched or drawn out fr»)m the tubes for 
some little distance without being broken across. In the 
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same way they may be secji stretching across like harp- 
strings between two ])ieccs of dentine, when this is torn by 

needles, and they can be thus shown in fresh fragments just 

« , (*) 

(*) Section of ilcntinc from the edge of wliich hang out the dentinal 
sheaths, and beyond these again tlie iibrils (after lioll). 

(-) Surface of the piilj), with the odontoblast layer in situ. The dentine 
iibrils pulled out of the dentinal tube hang like a fringe from the odonto- 
blast layer : dentinal fibrils arc also seen hanging out from the edge of the 
dentine, to which, to the right of the figure, a few odontoblasts remain 
attached. 
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US well us ill those of decalcified dentine. When stretched 
to a considerable extent their diameter becomes diminished 
and they finally break, a sort of bead sometimes uj)j)carin^ 
at the broken end (Tomes). 1'liis would seem to indicate 
that tlie substance of the fibril is of colloid consistency, and 
that its external portions arc in some degree firmer than its 
axial portion. 

The dentinal fibrils arc well seen in the accom])anying 
figure, in Avliich some hang out from the edge of the dentine, 
whilst others have been pulled out from the dentine and are 
seen attached to the odontoblast cells. 

Modern methods of histological research have made the 
demonstration of the fibrils, which are continued from the 
odontoblast cells and enter the dentinal tubes, an easy 
matter ; they arc of some size, and, judging from appear- 
ances, are ])retty linn in CMUisistence, as they look somewhat 
stift' where they are seen pi-qjecting from the surface of a 
torn-away ]ndp. 

Tlujy do not stain very readily, although many stains are 
slightly taken by them ; perhaps one of the best ways of 
staining them is to treat the tooth with a salt of iron 
followed by tannin, of coarse after a thorough washing.. 

The dcn^nal fibril is capable of being stained Avith car- 
mine, though Avith some difficulty : in young dentifi^ it is 
more easily stained, especially near the pulj) cavity, and 
the acconn)anying drawing is taken from such a section of 
dentine from a half formed human incisor, 'riie matrix is 
slightly stained with the carmine, indicjiting that it has not 
yet boconic fully impregnated with salts, and in the centres 
of the clear areas dark| spots deeply stained Avith carmine 
arc to be seen, the latter being transverse sections of the 
dentinal fibrils hi utn. I have observed precisely similar 
appearances in the thin young dentine of calves’ and pigs’ 
teeth ] Kolliker also mentions that the dentinal fibril may 
1)0 recognised in situ in transverse sections of fresh dentine. 
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IVideckei* finds that t!ie deiitiiml fibrils stain darkly with 
chloride of <^old ; when viewed in transverse sections under 
a in.agnifying power of 2,000 diameters they do not appear 
round but somewhat angular, and give oiY tiny lateral 
oftslioots which seem to penetrate the dentine. In the 
matrix itself there is an appearance of a faint network when 
It has been staineil with gold, and from this Ildileckcr infers, 
that the dentine is penetrated everywhere by a network 
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of living plasm, derived from, though far liner than, the- 
<lcntinal fibrils. (Cf. results of Golgi’s stain, p. 38.) 

Probably the angularity <»f the filu’il, which, as figured by 
him, is much smaller than the canal, is due to its having 
shrunk under the action of chromic acid or some such 
reagent. 

According to Neumann, in old age the fibri]^ atrojdiy or 
i^ecom^* calcified ; some observers have failed to detect then^ 
near to the periphery of the dentine, far away from the pulp 
cavity. Ihit here they would naturally be more minute, 
and it is more ])rol)able that the manipulations liad failed 
to demonstrate them than that they were absent ; for 
Ikideckor has traced tliem to the very outside (»f the 
dentine. ' ^ 

Dr. Beale has seen prolongations of the nucleus of the 

(^) Transverse section of dentine ; in four of the dentinal tubes, the 
dentinal fibrils deeply stained with carriiiue, in tlic preparation from whicli 
this figure was drawn, are seen. The fibrils arc somewhat shninken, 
owing to the action of the glycerine in whicli the section is mounted. 
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cell towards the base of the fibril, though in the example 
whicli he figures it does not enter it. 

Dentinal fibrils have been demonstrated in the Keptilia 
and Amphibia by Santi Sirena an<l myself; and by myself 
in the few fish that I have examined with that purpose. 

Of their real nature some doubts are entertained ; they 
are certainly processes of the cells of the pul]), and their 
substance seems identical with that of the pToto])lasm of the 
cell, for they are of quite tolerably large size, and they arc 
larger at their origin than further in. Nerves in the ordi- 
nary sense of the word they arc not, and have never been 
supposed to be ; but there are many examples of cellular 
structures which arc connected with the termination of 
sensory nerve fibres, such as the goblet cells in the olfactoiy 
membrane of the frog, and it is quite possible that the 
odontoblast cells may stand in some such relations to tlie 
nerves of the ])idj), the terminations of which have even 
yet never been satisfactorily traced. 

Mr. Coleman once suggestcnl that it was possible that the- 
oilontoblasts might have some tactile function, and Mr. 
Hopewell Smith. (“ Dental llccord,” August, ISSO,) points, 
out their resemblance to multipolar ganglion cells of, the 
spinal cord. I According to Magitot the nerves of the pul]) 
bo(?omc continuous with a layer of reticulate cells wlpch lie 
I cneath the odontoblasts ; and these freely communicate 
with the ])rocesscs of the odontoblasts, so that there is a 
very direct chain of communication between the dentinal 
fibril and the nerves of the pulp. M. Magitot speaks very 
positively as to the accuracy of his views, which as yct> 
however, have not been,/‘onfirmed by other investigators. 

Yet another view of the nature of the dentinal fibril is. 
advocated by Klein (“ Atlas of Histology,’’ p. 183), who 
holds that the odontoblasts are concerned only in. the 
Formation of the dentine matrix, and that the dentinal 
fibrils are long proeesscs of the deeper cells in the above 
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figure, wliicli run up between the odontoblasts and enter 
the dental canals. To this wo shall have to recur in spoak- 
'iug of the ])ulp. 

In a recent i>apcr (Comptes llendus, 1880) Magitot also 
iinpiigns the accuracy of the views ordinarily accepted as 
to the structure of dentine, denying the existence of any 
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specfal walls to the tubes, and further ai-guiiy^^ that it is 
undesiMble to think or s]»eak of the channels in dried dentiiie 
as tubes at all. I'or, he argues, they are not tubes in the 
fresh state, seeing that the fibrils are adhcrcMit to the 
matrix and form a [)ai t of it, and that they were oi iginally 
precisely the same tiss\ie. He woidil j)refer to s|)eak of 
<lentine as being a fibrillar tissue included in a hard and 
homogeneous matrix. 

TJicse views, however, do not lifter substfintially from 
those in the text, save that M. Magitot does not recognise 

(b After Magitot. a. I)ciitin*il fibril.s. h. Ainorpljous matrix. 

Odontoblasts, d. Nuelci of odontoblasts, c. Stellate cells, f. Nerve 
extremities which are contiinious with the branched cells. 
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the existence of that transitional tissue which otlicrs believe 
to be tbore, and call the sheaths of Neumann. 

No true nerve fibril has yet been proved to enter the 
dentine ; nothing but the dentinal fibril has ever been 
proved to pass from the pulp into the hard substance of the 
tooth ; nevertheless, the observation of Boll is very sug- 
gestive. He found that by treating a perfectly fresh pulp 
with i ]jer cent, solution of chromic acid an immense 
number of fine fibres could be demonstrated, a great many 
of which projected from above the surface, as though they 
had been pulled out of the dentinal tubes, but although they 
l)ass up from a plexus of dark-bordered nerve fibres beneath 
the membrana eboris between the cells of that layer, their 
passage into the dentine remains a mere matter of inference. 

Be that as it ma}^, there can be no (picstion that the 
sensitiveness of the dentine is due to the presence of soft 
organized tissue in the tubes, and is not a mere transmission 
of vibrations to the pulp through a fluid or other inert 
conductor. fl'Iic peripheral sensitiveness ol* a tooth can be 
allayed by local applications which it would be absurd to 
suppose were themselves conducted to the pulp ; moreoveiv 
it is within the ex])erioncc of every operator that aftei; the 
removal of % very sensitive layer of caries, you often come 
down upon dentine, which though nearer to the l]ulp, is 
far less sensitive, a condition (piite ine-\plicable, except 
upon the supposition of a diftereiit local condition of the 
contents of the tubes. Irritation ai)plied to the dentinal 
fibrils may be proi)agated to the i)ulp, and irritation of 
the pulp set up without any real exposure of the latter. 

With reference to th.9 probabilities of actual nerve 'fibres, 
entering tlie dentinal tubes, it must be remembered that, in 
those tissues which are naturally so thin as to present great 
facilities for examination, nerves of a degree of fineness- 
unknown elsewhere have been demonstrattHl ; in other words, 
the easier the tissue is to investigate, the finer the nervea 
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’which have been seen in it, while dentine is among the 
most difficult substances conceivable for the demonstration 
of fine nerve fibrils, if such exist in it. 

Yet Mr. Mummery’s iron preparations clearly show that 
fine fibres traceable into connection with indisputable nerve 
bundles deeper in the pulp do run out straight towards the 
dentine and right up to it as though they entered it, and in 
this connection the very remarkable specimens of Dr. Dentz, 
of Utrecht, may be mentioned. These, wdiich were cut 
from embryos while al)out half the thickness of the dentine 
was formed, show pear-shaped bodies arranged with regu- 
larity a short distance within the border of the dentine, the 
smaller end being directed towards the pulp, and being at 
their small ends connected with one or more dentinal tubes. 
These pear-shaped bodies have two or three large nuclei, 
and present a close resemblance to some forms of nerve-end 
organs. 

Amongst many difficulties as to their interpretation is the 
fact that the examination of a large number of sections of dry 
temijorary teeth has cpiite failed to reveal the S 2 )accs which 
might have been expected to have contained them, and their 
relatively large size of an inch) would render the spaces 
conspicuous. A fuller description of these bofiics Avill be 
found id the Transactions of the Odontological Society, 1892. 

Interglobular Spaces. — In the layer of dentine which 
underlies the cement an immense number of these s^jaces 
exist, giving to the tissue as seen under a low power an 
appearance of granularity. On this account my father 
gave to tliis the name of the “ granular layer ” of dentine ; 
on account of the far greater abuijdance of the spaces in 
that situation, it is far more marked beneath the cement 
than beneath the enamel, and many of the dentinal tubes 
end in these S 2 )accs. 

Although the name “ intcrglobular spaces ” is strictly 
applicable to the structures constituting the granular layer 
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of dentine, it was not to tlicse tliat it was first applied. 
When a dried section of dentine is examined, dark irregular 
spaces clustered together and usually most abundant at a 
little distance below the surface, are often to be seen, ])arti- 
cuLarly if the section has been made from a brownish, im- 
perfectly developed tooth. 

These spaces have a ragged outline, furnished with short’ 
pointed processes, and in favourably-prepared sections it 
may be seen that their outlines are formed by portions of 
the surfaces of closely oj^posed spheres, and globular con- 
tours may often be detected in the solid dentine near to 
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them, as is seen in figure 1«'^, taken from a section boiled 
in wax in order to render it very transparent. 

Although ^thesc large spaces are very common, t][iey arc 
perhaps not to be regarded as perfectly normal, but are 
rather indications of an arrested development at that spot. 
The occurrence of globular forms during the early stages 
of calcification, will again be alluded to in connection with 
the development of teeth ; but although the term “ inter- 
globular ” is thus strictly applicable, the .use of the word 
sjiaces ” is not so correbt. In dry dentine it is true that 
ijiey are, as Czermak described them, spaces filled with air ; 
but that they arc so is only due to the fact that their 

i 

i (^) Dentiual tubes termiaatiiig in the sj^aces of the granular layer. 
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contents arc soft, and shrivel np in drying. In the fresh 
condition the interglobular “space*' is perfectly full, its 
contents often having the structural arrangement of the 
rest of the matrix, or else consisting of soft plasm ; in 
the former case, the dentinal tuhes pass across and through 
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it without any interru[)tiou or alteration in ^heir course. 
Tliis fact, as well as the soft nature of the contents as com- 
])fired with the rest of the dentine, is well illustrated by a 
section ill my possession which was taken from a carious 
tooth, near to the affected surface. In this the fungus 
(Icptothrix ?) had effected an entrance into some of the tubes, 
giviijg to them a varicose beaded appearance, and causing 
their enlargement. But when it reached the interglobular 
space, the less amount of resistance, or possibly the morp 
fiivourable pabulum accessible, led to its more rapid dcv(^ 
lopment, so that the tubes within the confines of the space 
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are many times more enlarged than those outside \ never- 
theless the continuity of the tubes across the space is well 
demonstrated by the growth of leptothrix having followed 
them with exactitude. 

It sometimes happens that indications of spherical forms 
and faintly discernible contoui*s resembling those of the 
intcrglobular spaces may be seen in dried sections, in wliicli 
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no actual sf)aces occur. The appearances arc perhaps ])ro- 
<luced by the formation of an intcrglobular space, the con- 
tents of which have subsequently become more or less 
perfectly calcified : the term “ areolar dentine ” sometimes 
4ipplied to this is falling into disuse. 

Globular forms, in concentric layers like an onion, are 
very distinct in the outer part of the dentine in some fossil 
reptiles. ((^redner, Abliandl. Math. Phys., 1893, Leipzig.) 

The exact nature of the contents of the intcrglobular 
spaces is not very certain : they may, with some difficulty, 
be tinted by carmine, and it is said that they may, like 
the dentinal sheaths, be isolated by the destruction of the 
rest of the matrix in acids. Like Neumann’s sheaths, they 
take a deep black stain with Golgi’s i)rocess. 

Bodecker says that there is soft living plasm abundiintly 
distributed in the smaller intcrglobular spaces which con- 
stitute the granular layer, and this is in very free com- 

(^) Section of carious dentine, in which some of tho tubes are beaded 
by the ingress of organisms, which have developed with greater freedom in 
one or two of*the tubes where they cross the interglobular spaces. 

K 
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munication with the soft fibrils in the tubes on the one side 
and with the soft contents of the lacimse and canaliculi of 
the cementum on the other. 

In the dentine so far described, which is that variety known 
as heard or unvascular dentine, some degree of nutrition is 
perhaps provided for by the penetration of the whole thick- 
ness of the tissue by protojdasmic fibres, the dentinal fibrils, 
but this nutrition may be effected in a different w'ay, and 
there are other varieties of dentine known in which dentinal 
fibrils have never been shown to exist. For descriptive 
purposes 1 would classify dentines as 
(i.) Hard or unvascular dentine. 

(ii.) Plici-dentine. 

(iii.) Vaso-dentine. 

(iv.) Osteo-dentine. 

Ordinary hard dentine has been sufficiently described ; 
plici-dentine is a variety of it not very distinct in its essential 
nature, though at first sight widely dissimilar. 

Plici-dentine. — In ordinary dentine the dentinal tubes 
radiate out from a ])ulp and pulp chamber of simple form 
render that form complex by foldings of its walls, the dentinal 
tubes still running off at right angles to that portion of 
pulp to which they immediately belong, and we Jiave a. 
“ plicUdentine.” It is merely an ordinary dentine with its 
pulp folded up and wrinkled into a greater or less degree of 
complexity. 

In the teeth of the Varaiius (monitor lizard) the process of 
calcification of the ])ulp takes place in such manner that in 
the upper half of the tooth a cap of ordinary unvascular 
denfine, in whi'ch the tubes radmte from a single central 
pulp cavity, is formed. But in the lower part of the tooth, 
slight longitudinal furrows appear on the surface, which, on 
transverse section, are seen to correspond to dippings in of 
the dentine ; and the dentine is, as it were, in folds. The 
pulp on section might be compared to a paddle-wheel, the 
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lloats of which correspond to the thin fiat radiating pro- 
cesses of pulp ; but as yet the central pulp chamber is 
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unaltered. A little lower down, as represented in the 
accompanying figure, there is no longer a central simple 

Fm. 21 (2). 



(') Section of PI ici -dentine with the pulp in situ (Lepidosteus). 
o. Odontoblasts, p. Connective tissue framework of pulp. d. Dentine. 

(') Transverse section across the crown of the tooth of Varanus, near to 
its base. The central pulp cavity is iiroduced out into processes, and it 
might be said the dentine is arranged in plates with some little regularity 
round its periphery. 

E 2 
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pulp chamber ; the inflections raund the periphery have 
become relatively much deeper, and the centre of the tooth 
is occupied by a tissue irregular, but not otherwise unlike 
the dentine of Myliobates ; that is to say, there are a 


Fics. 22 (^). 



number of columns of pulp, each of which forms the axis 
whence a system of dental tubes radiate. 

The outrunning plates of dentiil pulp, which on section 
radiate out like. the spokes of a wheel, do not always remain 

(^) Transverse section across the tooth of Ijepidosteiis spatula. At the 
exterior are regularly disposed radiating plates of dentine, each with its 
own pulp cavity, while the central area is composed of more or less cylin- 
drical pulp chambers, each of which forms the starting point for its own 
system of dentinal tubes. The pulp chambers are made dark in the figure 
for the sake of greater distinctness. 
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single ; they may divide simply into two branches, as maj' 
be seen in the section across the base of the tooth of 
Lepidosteus (North American bony pike) ; or sometimes 
there are several branches. 

, In Lepidosteus oxyuriis there are simple inflections, and 
a central pulp cavity ; in L. spatula the inflections are 
branched, and the central pulp cavity all filled up. 

Fid. 23 (^). 



Ill the foregoing figure of the base of a tooth of Lepi- 
dosteus some few of tlie outrunning pulp cliambcrs are 
seen to be bifurcated, while the central mass of the tooth is 
composed of dentine permeated by pulp canals wliich pursue 
a longitudinal course ; a slight further modification brings us 
to the structure of the dentine of the Labyrinthodon, in 
wliicli a maximum of complexity is attained, although a clue 

(*) Transverse section of a tooth of Labyrinthodon. (After Owen.) 

The letter a is placed in the centre pnlp chamber ; the letter h marks 
the lines of separation between the system of dentinal tubes which belong 
to each lamina of pulp ; these lines of demarcation were formerly sup- 
posed to be occupied by cementuni. 
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to its intimate structure is afforded by the teeth of Varan us 
or of Lepidosteus. 

The laminte of pulp, with their several systems of dentinal 
tubes, instead of passing out in straight lines like the spokes 
of a wheel, puraue a tortuous course as they run from the 


Fia. 24 (*). 



central small pul]) chamber towards the surface. Not only 
do they undulate, but they also give off lateral processes ; 
and at their terminations near to the surfiice of the tooth, 
the thin laminm^ of pulp (so thin that the radiating pulp 
chambers are mere fissures) become dilated j so that on 
section circular canals are seen at these points, as is also 
the case at the points where subsidiary processes branch off. 

(‘) From tooth of Labyrinthodon, showing the nature of the connection 
between the contiguous dentinal systenis. (After a drawing of iny 
father’s.) 
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The wavy course pursued by the radiating plates of den- 
tine, and the disposition of the tubes round the dilated 
portions of pulp chamber, render the general aspect of the 
dentine structure very complicated ; the several “ systems ”(' > 
are united to one another by an inosculation of the terminal 
branches of the tubes in some few places, but more generally 
by a clear layer containing radiate spfices, something lik6 
the lacunco of ccmciitiim. Hence Professor Owen has 
described the tooth as consisting of radiating plates of 
ilentine, between which pass in equally convoluted plates of 
cementium. But, as was pointed out by my father (PhiU 
Trans., 1850), the mere presence of lacuna-like spaces is not 
sufficient to prove the presence of cementum, inasmuch as 
they occur on a small scale in the granular layer of dentine ; 
moreover, when ceincntuni and enamel are both present, the 
ccjinentum is always outside the enamel, whereas at the 
upper part of the tooth of the Labyrinthodon the charac- 
teristic inflections take place within a common investment 
of enamel which does not dip in. Thus the whole of the 
tissue constituting the very complex pattern of the Labyrin- 
thodon tooth is dentine, and the cementum does not, as was 
usually supposed, enter into its composition at all. , , 

Another firm in which a sort of plici-dentine may exist is 
exemplified in tlie teeth of Myliobates, a large Hay*j or in 
the teeth of the rostrum of the saw-fish (Pristis). 

In the Myliobates (Fig. 25) the flat pavement-like tooth 
is permeated by a series of equidistant parallel straight 
canals, running up at right angles to the surface ; from the 
upper end and sides of these channels systems of dentinal 
tubes radiate, just as til's tubes radiate from the single pulp 
chamber of a human tooth, save that they run for a com- 

(^) The term ** dentinal system is applied to the portion of dentine in 
which all the tubes radiate from a single section of pulp chamber ; thus 
the tooth of Labyrinthodon is made up of many dentinal systems ; the 
same thing may be said of the tooth of Myliobates. 
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paratively short distance. In transverse sections the tubes 
are seen radiating from these channels, and at their termi- 
nations sometimes inosculating with the terminal branches 
of the tubes of another system. The channels contain pro- 
longations of the vascular pulj), which are distinct in the 


Fm. 25 (*). 



upper part of the tooth, but intimately united together at 
its f){lse, where the dis[)osition of the channels ceases to be 
regular, and, as a consequence, the systems of dentinal tubea 
pass from them in various directions without producing the 
symmetrical patterns which characterise the upper part of 
the crown. 

When the tooth comes into use and its immediate surface 
gets worn off, the ends of tlic perpendicular pulp channels 
would be laid open, were it not that they become blocked by 
the deposition of a transparent homogeneous tissue within 
them, analogous to the similar tissue which closes Haversian 
canals of an antler about to be shed. 

Such is an example of plici-dentine in a simple form, in (*) 

(*) Transverse section of the dentine of Myliobates. 
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which the tooth might be said to be built up of a series of 
small parallel denticles ; and a similar structure is presented 
by the rostral teeth of the saw-fish, and by the teeth of the 
Orycteropus or Capo ant-eater. 

Vaso-dentine. — In dentine, as so far described, the exis- 
tence of a system of fine tubes, dentinal tubes, has been the 


Fio. 26 (»). 



most conspicuous feature, but tliere arc tissues *9(iually 
entitled to be called dentine in which no such tube system 
exists at all. 

Ilut as it would seem necessary that some living material 
should permeate any tissue which is for any length of time 
to be retained in close connection with the rest of the 
organism, these dentiuQ^ are not solid, biit arc permeated 
by a much larger tube system, the canals being in this case 
channels through which capillaries course, and through 
which red blood circulates, so that during the life of the 

(*) Tooth of Ostraeion. a. Enamel, h. Capillary channels, c. Axial 
pulp chamber. 
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animal the teeth look quite pink, and in a section cut from 
the fresh tooth the coats of the capillary may be seen to 
hang out from the edge, and the canals to be full of blood 
corpuscles. The arrangement of the vascular canals is 
regular and striking, reminding one of the appearance of 
the vessels in an intestinal villus ; in fact, an intestinal villus 
petrified, whilst its capillary network remained pervious, 

Fig. 27 ('). 



and red* blood continued to circulate through it,* would form 
no bad representation of a typical vaso-dentine tooth. 

In all the vaso-dentine teeth with w’hich I am acquainted 
the pulp chamber is of simple form, so that the conical pulp 
can be pulled out, and no tissue, or next to none, save the 
blood-vessels enters the canals, which are therefore of almost 
unifofm diametev, and each capillary fills and fits its 
canal. 

The matrix does not present a very definite structure, 

(1) Section of dentine from a freshly-caught Hake. d. Dentine matrix, 
cp. Capillary channels with blood vessels hanging out from the edge, con- 
taining here and there abundant blooi corpuscles. 
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though there is generally some appearance of lamination 
parallel with the surface, and what has just been said with 
reference to the canals requires modification in so far as 


Fig. 28 (*). 



there are in dry specimens slight narrow spaces, tliorii-like 
in section, which run,, from the canals in between the 
laminse. (See Fig. 29.) 

(q Hinged tooth of Hake. a. Yaso-dentine. b. Pulp, c. Elastic hinge. 
d. Buttress of bone to receive /, formed out of bone of attachment. 
«. Bone of jaw. /. Thickened and rounded free base of tooth, g. Enamel 
tip. 
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These are not present in all vaso>dentines, but may be 
found in a good many, as, for example, in the Hake, from 
whicli the figure has been drawn. 

As a rule the vascular canals do not extend quite out to 
the surface, but terminate sometimes in a bounding canal, 
and sometimes without one, at a very definite distance 
v^ithin the surface ; this perhaps represents the original 


Fio. 29 ('). 



limit of the capillaries in the formative pul]> ; |^ut however 
that njfiy be, the structure of the matrix outside them is, 
in some examples, very interesting in view of recent in- 
vestigations into tlie development of dentine from the 
calcification of a connective tissue basis. (See Fig. 30.) 

For this outer layer looks exactly like a calcified con- 
nective tissue which has preserved all its form and it is not 
obscured by the occurrence in it of, any tube system, inter- 
globular spaces, or other structures. 

This outer layer is of especial interest as an evidence that 
dentine calcification takes place in a connective tissue 

(’) From a tooth of the Hake. The thorn-like processes are seen, as also 
a faint lamination of the matrix. 
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matrix, a view to which much attention will have to be 
given in describing the development of this structure ; for 
the present it must suffice to call attention to its existence. 

Such in brief are the characters of a typical vaso-dentine, 
but there arc a vast number of forms of this tissue which 
serve to bridge over the gap which would seem to exist 
between it and hard dentine. Thus in the conical teeth Of 
the flounder, and indeed of many flat fish {Plcuronectidw) we 
find the tips of the teeth to be composed of ordinary fine 


Via. 30 (1). 



tubed dentine, surmounted by enamel tips. In this part of 
the tooth tlie tubes radiate outwards in the ordiiwy way 
from the pulp chamber, and are both numerous and regular, 
but lower down in the tooth the dentinal tubes become less 
numerous, and pari passu with their diminution, vascular 
canals begin to make their appearance till, as we reach the 
base of the tooth, we find tolerably tyi)ical tubeless vaso- 
dentine. • 

We may suppose, therefore, that the two sorts of tubes 
are capable of taking the place of one another, and that the 
nutrition of the dentine may be provided for either by pro- 


(’) Outer layer of the dentine of a Cod. 



62 A MANUAL OF DENTAL ANA TOM F. 

toplasmic material running for a long-distance from the 
pulp through dentinal tubes, or by blood brought nearer to 
hand by the vessel carrying canals, but that both are not 
required, and so do not co-exist in full development. 

But from the flounder’s tooth we may learn that hard 
dentine and vaso-dentiiie are not fundamentally dissimilar, 
avid that they may run into one another by imperceptible 
gradations, so that wc cannot say exactly at what point wc 


Fig. 31 (>). 



are to give it the name of vaso-deiitine. ’J'he great extinct 
Megatherium possessed a dentine which was very rich in 
vascular canals, but their arrangement was a little different 
from that just described, as may be seen in the figure, to 
the left of which lies the inner yiortion of the dentine, very 
rich in vascular canals ; this merges into a fine tubed 
dentine, the vascular canals all ending at the same distance 
from the surface, while outside this again comes the very 
vascular cementurn. (*) 

(*) Tooth of Flounder. «. Hard dentine, h. Vascular canals, c. 
enamel tip. For other examples of vaso-dentine, see the figure of the 
teeth of Ghffitodon, of Odontostomus, &c. 
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The typical vaso-dentine tooth appears to be a good deal 
softer than that which is composed of fine tubed dentine, 
and accordingly they are generally cither completely coated, 
or at all events tipped with enamel. 

It occasionally occurs that a vascular canal persists in the 
hard dentine of a human tooth ; in such cases the relation of 
this canal to the course of the dentinal tubes is apparently 
none at all, the latter being, as is seen in h'ig. .‘13, which 


Fn;. .32 



was drawn from a specimen shown to me by Dr. Andrews 
at Cambridge, Massachusetts, displaced from their course 
by it. 

These canals, which occasionally occur both in ihuman 
and other mammalian teeth, are to be i-egardcd quite as 
abnormalities, but there is yet another modification of 
vascular canal which occurs as an invariable character in 
certain teeth, and which is of great interest from the point 
of view of evolution, since it exemplifies vascular canals 
losing their function and in process of disappeaiUnce. 
Towards the base of the teeth of Sargus, for instance, loops 
of uniform calibre, with their concavities directed towards 
the pulp, may be seen ; no one familiar with the canals of 
vaso-dentine can for a moment doubt that they were formed 

(^) Dentine and cemeutum of Megatherium ; the latter lies to the right. 
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around a vessel, but though such was their origin, the 
vessel soon ceased to be pervious, and their open ends stop 
far short of the pulp-chamber, in the midst of the dentine. 

Audit is interesting to note that their ends are notabniptly 
cut off and sealed, but that they taper down andarc con- 
tinuous with one, two, or three dentinal canals. (Fig. 34.) 

• Nothing is known of the contents of these loops in the 
fresh tooth, but it hardly admits of doubt that this partial 

Fig. 33 (*). 


persistence of the vascular channel, speedily abandoned in 
the further building of the dentine, indicates descent from a 
form^in which these canals were functional, and the type of 
dentine a real vaso-dentine. The vails of these canals are 
smooth, just as in a typical vaso-dentine, but there is yet 
another form of canal in which it has departed a little more 
from its pristine type. 


(‘) Vascular canal in human dentine. 
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III the outer part of the dentine of the Manatee a series 
of regular loops arc to bo seen, which at first sight look like, 


Fro. U C). 





and in tiie earlier editions of this book were described .as, 
vascular canals. Just as in Sargus, their general aiTange- 


Fio. 35 (-). 



ment, their fairly uniform diameter, &c., lead us to the con- 
clusion that they mark the site of former vessels. 

But in place of their interior being smooth, a higher 
power discloses that it has numerous irregular sharp pro- 

Yaucular loops from tooth of Sargus. 

Dciitiue of Manatee. Showing partial persistence of vascular canals. 
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longatioiis running out from it, between which rounded 
projections encroach upon its lumen. 

In point of fact the walls bounding the canal strikingly 
recall the walls of an intcrglobular space, and the whole 
canal might appropriately be comj)ared to an enormously 
elongated intcrglobular space. As in Sargus, nothing is 
*known of the contents in the fresh state ; but as in that 
fish, it is hardly possible to doubt that we have before us 
the evidence that in some ancestral form there was a 
circulation through these channels. 

The method of their disappearance is interesting ; the 
dentinal tubes run into or past them, and had calcification 
gone ii little fiirthei*, to the obliteration of our so-termed 
long interglobular space, the last trace of the ancestral 
vaso-dentine would have been gone. 



CHAPTER III. 


OSTEO-DENTINE. 

This is a tissue Avliich is in.arkcd off from liard dentine, 
vjiso-dentiiie, and ])lici-dentiiie alike by certain structural 
peculiarities and by the method of its development, if we 
take a typical example of the several tissues ; and it some- 
times approaches very nearlj’^ to bone, from which indeed 
it has few essential points of difference. But there are many 
transitional forms, so that it is often hard to draw a sharp 
line of distinction between them. 

The difference can luirdly be fully appreciated until the 
development of dentine has been described ; but it may be 
at once mentioned that osteo-dentine is not wholly formed 
upon the surface of the pulp, and it residts from this that 
whereas the pulp-chamber has a definite outline in^ those 
forms thus far described, and the pulp can be bodily pulled 
out, in osteo-dentine calcified trabecuhe shoot right through 
the pulp, there is no sharply defined pulp-chamber, and the 
pulp cannot be pulled out, the pulp and the hard tissues 
being inextricably mixed up. 

And though there are numerous large channels, qften 
much larger than thosfe of vaso-dciitiiie, they are less 
regular, do not in their arrangement suggest the idea of 
capillary loops, and in a fresh tooth contain masses of pulp- 
structure as well as blood-vessels. 

The Pike’s tooth affords a good example of osteo-dentine. 
Its surface is formed of a layer of fine tubed tissue, almost 

F 2 
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like ordinary dentine, but this soon gives place to a coarsely 
channeiled tissue, containing elongated spaces filled witli 
pulp, from wliich canaliculi, like those of a bone lacuna, 
branch off in all directions, but do not run far. 


Vii.. ('). 



The fine tubed layer which forms the exterior differs from 
ordinary dentirie in the respect Jbhat the tubes, although 
parallel in their outer ijortion, in the absence of a general 
Ijulp cavity as they pass inwards become gathered together 
into fewer and larger tubes, which again originate from the (*) 

(*) Tooth of Common Pike. Outer layer of fine tubed dentine ; h. 
inner mass of osteo-dentinc. 
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somewhat irregularly shaped channels in the interior of 
the tooth. 

'rheir relationship to the fine tubes which occur in less 
abundance in the deeper parts of the tooth is thus shown, 
and the close resemblance of these dentinal tubes to the 
canal iculi of ordinary bone becomes ap])arent. 

It is stated by Steriifeld (Arebiv f. Mik. Anat., Bd. 20)* 
that flattish cells line all the surfaces of the larger canals, 
and that processes from these enter the tubes. 

\\;ry many sharks have teeth composed of ostco-dcntinc , 


Kkj. 37 (*). 



with an outer dense layer : the tooth of Lamna here figured 
shows a cent'ul core of osteo-dentinc, which constitutes the 
bulk of the tooth ; external to this a somewhat thin layer of 
hard dentine, in which all the dentinal tubes run out at 
l ight angles to the surface, but arc derived from the channels 
nf the osteo-deiitine and not from any single pulp-chamber ; 
while the outermost layer, which is clear and structureless, 
may be merely the outer [»art of the hard dentine, or may 
be a thin layer of cuai.Hcl. The figure, however, is some- 
what diagrammatic, for the inner core has fewer large open 
channels, and fewer canal iculi than are here represented ; it 

(*) Ontci* layer of tlic dentine of the tootli of a Pike. The fine canals are 
seen to be gathei’cd into bundles, '.vhieh spring from the large canals of the 
axial portion of the tooth. 
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is ill reality more compact and less defined in structure. It 
is to be regretted that special names have been given to this 
outer layer ; it is sometimes called vitro-dentine, sometimes 
ganoin or fish-enamel ; but there seems no reason why it 
should have a special name at all. 'riie similarity of the 


Viu. 38 r\ 



channels of pulp in osteo (lentine to Haversian canals in boiu- 
is very close ; in fact, when teeth consisting of osteo-dentine 
become, as in many fish they do, anchylosed to the sub- 
jacent ])one, it becomes impossible to say at what point the 
dentine ends and the bone commences ; and this difficulty 
is intensified by the fact that the bene of many fishes lacks 
lacuna), and is almost exactly like dentine. In fact, in 

(^) Tooth of a species of Lamna, consisting of a central mass of osteo- 
dentine, passing to'wards its snrfaco into a hne-tubed unvascniar dentine. 
The clear structureless layer on the surface may probably be regarded as 
enamel. 
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many fish the outer compact layer of the jaw-bone lias fine 
parallel canaliculi, and no other visible structure, so that it 
bears a close resemblance to the external layer of these 
osteo-dentine teeth. 

Osteo-dentino was defined by Professor Owen as dentine 
in which the matrix was aiTanged in concentric rings around 
the vascular canals, and in \vhich laciinie similar to those of 
bone were found. 

But neither of these characters is to be found in many 
teeth, which, if the manner of their development is to be 
taken into account, are unquestionably made of ostco-deii- 
tine ; and so they cannot be made use of for purposes of 
definition, although laciiufc and lamination of the matrix 
are far more often present in osteo-dentine than in the other 
varieties of dentinal structure. 

The varieties of dentine may be grouped thus : — 

(A.) Dentines developed upon the surface of a pulp, by 
calcification of its surface layers. 

(i.) Hard, unvascular dentine, thoroughly per- 
meated with dentinal tubes, which radiate 
from a simple central pulp chambei*. 
Example — Human dentine. 

^ii.) riici-dcntiiic, permeated with dentinal 
tubes, which radiate from a pulp ch^imber 
rendered complex in form by foldings in 
of its walls. I^]xuiJiple — Lepidosteus, 

Jjabyrinthodon. 

(iii.) Vaso-dciitine, with dentinal tubes few or 
absent, but capillary channels with 
bloo(,\ circulating through them abun- 
dant, Example — Hake. 

(B.) Dentines developed by calcification shooting 
through the interior of a i)ulp, not by calciti- 
cation of a surface layer. 

(iv.) Osteo-dentine; with no long dentinal 
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tubes, but with minute tubes analogous 
to bone canaliculi, and large irregular 
channels containing pulp-tissue as well 
as blood vessels. Example — Pike. 

It remains to bo added that the same pulp may undergo 
a change in the manner of its calcification ; that is to say, 
that after having gone on with surface calcification from 
an odontoblast layer for a certain length of time, this may 
give place to a more irregular internal calcification into an 
osteo-dentinc. 

This is especially })ronc to hapj)on .after injury, and is 
often exemplified upon a large scale in Elephants* tusks ; 
the pulp of which, normally engaged in calcifying the 
odontoblast layers into ivory, may after an injury calcify 
irregularly, and solidify into a coarse ostco-dentine. 

It will then be easy to undei*stand that so-called sccon- 
darj'' dentine, produced in a pulp wdiich ordinarily forms 
hard <lentine, may partake of the character of vaso- or of 
ostco-dentine. 

'rhus the pulp of a sperm wliale’s tooth becomes oblite- 
rated by a development of secondary dentine, Avhich some- 
times forms irregular masses loose in the pulp chamber, and 
sometimes is adherent to and continuous wdtlj the dentine 
previously formed. Tlic structure of these masses is very 
confused. Tubes, of about tlic same diameter as dentinal 
tubes, abound ; but tliey arc often arranged in tufts or in 
bundles, and without any apparent reference to any com- 
mon points of radiation. Irregular spaces, partaking of the 
character of iiitcrglobular s])aces or of bone lacunas, abound ; 
and vascular canals are also coiiimo)]. 

In the human tooth secondary dentine occurs in the teeth 
of aged persons, in which the pulp cavity is much contracted 
in size, and is also very frequently formed as a protection to 
the pulp when threatened by the approach of dental caries, 
or by the thinning of the walls of the pulp cavity through 
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oxccssivc wear. The accompanying figure, representing one 
of the cornua of the piilj) chamber from a molar tooth 
affectetl by caries, is a good example of secondary dentine. 
It occasionally happens that the pulp resumes its formative 
activity, and new dentine is developed which, with the 


Viii, (>;. 



exception of a slight break or bend in the continuity of the 
tubes, is almost exactly like nomial dentine. More often- 
however, the boundary line between the old and the new is 
marked by an abundance of irregular spaces and globular 
contours, whilst further in the mass of new secondary dentine, 
the tubular structure again asserts itself more strongly : 
this is well seen in the sjf^ecimen figured. 

The axial portions of many teeth of persistent growth for 
some little distance below the working surfaces become 
filled by a calcification which has much in common with the (*) 


(*) Section of a mass of secondary deutinc from the tooth of a sperm 
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secondary dentines — that is to say, it is of coarser and less 
definite structure than the peripheral parts of the same 
tooth. 

For example, in the armadillo tlic axial portion of the 
tooth is made up of a tubular tissue, but the tubes are 
crowded together into irregular bundles, and instead of 
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running from the interior towards the surface, tliey run 
more or less along the axis of the tooth. In another 
member of the Edentata (the sloth) the axial portion differs 
much more from the outside, being very much softer and 
more porous, containing in tact a large number of vascular 
channels, and being very apt to break away in the process 
of rubbing down the section. 

(*) Secondary dentine filling up one of the cornua of the puli) cavity. 
From a human molar affected by caries. 


CHAPTEE IV. 


THE TOOTH PUJ.P. 


The pulp occupying the central cliamhei* or p\ilp cavity 
was tlie formative organ of the dentine, and consequently 
varies in its anatomical chai*actcrs according to its fige. As 
well as being what remains of a formative organ, it is tlie 
source of vascular and nervous supply to the dentine. 

I1ie pidj) may be described as being made up of a mucoid 
protoplasmic matrix, containing cells in abundance, which 
are especially numerous near to its periphery. In it some 
fibrous connective tissue is discoverable, though this is not 
abundant until tlie period of degeneiution has set in. Nerves 
and vessels also ramify abundantly in it. 

'J’he matrix substance remaining in large proportion, 
whilst the t^ll elements are not greatly developed, and the 
fibrous element being still less conspicuous, gives* to the 
pulp a character common to many embryonal tissues. 

At an early period the dentine pajiilla consists wholly of 
roundish embryonic cells, a surface layer of specialised cells, 
the future odontoblasts, soon making their apiiearance. 

The deeper cells grow out into processes, but these remain 
very fine, and at no pe.niod are there large bundles of con- 
nective tissue fibres to be found unless the pulp has under- 
gone degeneration in advanced age. 

In a specimen cut from a loose tooth in an aged pereon, 
which was lent to me by Mr. Hopewell Smith, the cell 
elements have all completely disappeared, and there remains 
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iiothinj^ but connective tissue, the bundles of which run into 
the dentine. It is possible that the conspiciiousness of this 
eonnective tissue may partly be due to the fact that it is in 
no d(*i>:ree concealed by the abundant cells of an ordinary 
pulj>, but it seems prol)al)lc that the connective tissue itself 
is also coarser and more abundant. 

• 'rhe cellular elements of the ])ulp arc arranged, as seen 
in transverse sections, in a direction radiating outwards from 
the centre ; this is most marked in the highly s])ecialiscd 

Fa:. 41 ('). 
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layfer of cells which form the surface of the pul[), and are 
termed, odontohlmts. * 

Thd odontoblast layer, sometimes called the memhrana 
(fjorisj because it usually adheres more strongly to the 
dentine than to the rest of the pulj), and is therefore often 
left behind upon the dentine when the juilp is torn away, 
consists of a single row of largo elongated cells, of darkish 
granular appcar^jLiicc, with a largo and conspicuous nucleus 
near to the end farthest from the dintinc. 

I'hc sharp contours which the odontoblasts possess in 
pulj)8 which have been acted on by chromic acid, alcohol, 
or even water, are absent in the ])crfectly fresh and unaltered 

(*) iSurfjicc of Ijuinan pulp, showing odontoblasts with their processes. 
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condition, and it is believed that they have no special in- 
vesting membrane, 'fhey are furnished with tliree sets of 
processes. The dentmal })rocess (which is equivalent to the 
dentinal fibre) enters the canal in the dentine, and the in- 
dividual odontoblast may be furnished with several dentinal 
processes, lly means of lateral processes the cells communi- 
cate with those on eitlier side of them, and by means of 
their 2ml p processes with cells lying more dijoply. The 
process which enters the dentinal tubes is of some size, 
tapers a little, and sticks out from the cell so straightly that 
it'a])pcars to bo somewhat stiff. 

Dr. Aitchisoii Jlobertson describes the pulj) process in the 
odontoblasts of the ox as being very long and fine, but says 
that there is no lateral union : his specimens, however, 
ai)[)ear to have been mostly teased out. 

The membrana eboris covers the surface of the pul]) like 
an epithelium. The odontoblasts vary much in form at 
different periods ; in the youngest ])ulps, prior to the forma- 
tion of dentine, they are roundish, or rather ]>yi‘iform ; 
during the period of their greatest functional activity the 
end directed towards the dentine is squarish, though tapering 
to a slight extent into the dentinal process ; while in ^old 
age they be^jome comparatively inconspicuous, and assume 
a rounded or ovoid shape. The odontoblasts in h5ii;dened 
sections are often slightly separated from one another, an 
effect which is iievei* seen in the enamel cells- a fact which 
would indicate either that they have no definite limiting 
membranes, or else that they are of a softer material, 'fhey 
generally, however, adhere together firmly at their ends which 
are nearest to the dentine, so as to form here a contiiuious 
sheet. The general matrix of the pulp, as has been before 
noted, is of firm, gelatinous consistency ; it is a little more 
dense upon the surface, whence has perhaps arisen the 
erroneous idea that the pulp is bounded by a definite 
membrane. 
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The vessels of the pulp arc very numerous ; three or more 
arteries enter at the apical foramen, and breaking up into 
branches which are at first jiarallcl with the long axis of the 
pulp, ' finally foi*m a capillary plexus immediately beneath 
the cells of the membrana cboris. 

No l^unphatics are known to occur in the tooth pulp. 

* The nerves enter usually by one largish trunk and three 
or four minute ones : after pursuing a parallel course, and 
giving off some branches which anastomose but little in the 
expanded portion of the pulp, they form a rich plexus beneath 
the membrana cboris, as has been described by llaschkow 
and many subsequent writers. 

But here our exact knowledge ends, for the nature of the 
terminations of the nerve fibres in the pulp is not with 
certainty known : the primitive fibrils, which arc extra- 
ordinarily abundant near to the surface of the ]ailp, often 
form meshes, but this does not appear to be their real 
tennination. 

Boll, as has been mentioned at a previous page, investi- 
gated this point, and found that if a pulp be treated for an 
hour with very dilute chromic acid solution, an immense 
number of fine non-medullated nerve fibres, which he suc- 
ceeded in tracing into continuity with the larger' mcdullated 
fibres,, may be discerned near to the surface of the pulp. 
The ultimate destination of these nerve fibres is un- 
certain ; but he has seen them passing through the inem- 
brana eboris, and taking a direction parallel to that of the 
dentinal fibrils in such numbers that he infers that they 
have been pulled out from the canals of the dentine. Still, 
whatever may be the probabilities •of the case, he has not 
seen a nerve fibre definitely to pass into a dentinal canal, 
nor has any other observer been more fortunate. 

BolFs observations have not however been fully confirmed 
by any subsequent worker in the field, nor have they been 
definitely controverted until Magitot recently stated that 
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he had fully satisfied himself that the nerves become con- 
tinuous with the branched somewhat stellate cells which 
form a layer beneath the odontoblasts, and through the 
medium of these cells with the odontoblasts themselves. 
(See Fig. 10.) 

If this view of their relation to the nerves be correct the 
sensitiveness of the dentine would be fully accounted for 
without the necessity for tlie supposition that actual nerve 
fibres enter it, for the dentinal fibrils would be in a measure 
themselves prolongations of the nerves. 

Mr. Mummery, using as a stain an iron salt followed by 
tannin, has succeeded in showing that from tlie nerve 
bundles which course along more or less parallel with tlie 
surFaco of the pulp very fine fibres are given off which run 
up to the dentine. 

There is every appearance of their entering it, but such 
is the difficulty of the investigation where very delicate 
structures are in reljition with a calcified material that no 
absolute certainty has been arrived at with respect to them. 
It will hence be seen that some uncertainty still attaches to 
the odontoblasts and their function, but to this it will be 
necessary to recur in treating of the development of .the 
dentine. t 

This difterence of opinion as to the function *of the 
odontoblast cells never can be finally settled until the 
nerve-endings of the pulp are clearly demonstrated. 
1^he idea that the odontoblasts themselves arc nerve-end 
organs was advocated by Mr. Coleman, and more recently 
by Mr. Hopewell Smitli (Trans. Odontol. Soc., 1893)* but 
there are many objectioiws to this view, amongst others being 
the occurrence of well-marked odontoblasts in places where 
they seem not only useless Init decidedly mispLiced as nerve- 
end organs. 

Dr. Kobertson (Trans, lioy. Soc. Edinb., 1891) describes 
the nerves of the tooth pulp of the ox, his specimens mostly 
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having been made by teasing fresh pulp in 1 per cent, solution 
of osmie .acid. He describes large bundles of medullated 
and non-mediillated fibres, the former being the more 
numerous, and in the teiused specimen the axis-cylinder of 
medullated fibres was often seen stretching far beyond the 
sheath. He believes that the axis-cylinders of medullated 
nerves lose their sheath, and after running for a greater or 
less distance, become continuous with the pul[) process of 
the odontoblasts, which therefore, Avith their dentinal pro- 
cesses, become nerve-end organs. 

Towards the outer surface of the pulp, but inside the 
odontoblast, Weil has described a layer about which there 
has been, and indeed still is, some controversy. It goes bv 
the name of the “basal layer of Weil,’* and consists of a 
comparatively pale and transparent zone lying between the 
inner ends of the odontoblasts and the , deeper part of the 
pulp. He describes it as consisting of fine connective tissue 
fibres Avhicli communicate with the processes of the 
odontoblasts. Air. Mummery i)oiuts out that though visible 
in many of his preparations made by Weil’s (Koch’s) 
process, it is absent near to the growing base of young 
teeth, and it is in the crown that it is most j)ron()unced. 
He disagrees with Weil as to the connection o{. the fibres of 
this la-j^cr with the odontoblasts, sa}'ing that he has often 
traced these fibres through the cell layer into the dentine 
matrix. Von h^bner doubts its existence at all, attributing 
it to the pulp shrinking back wliile the odontoblasts 
are held up to the dentine by tlieir processes. Hose 
shares Von Kbner’s view. Weil compares it to a basement 
merntrane, urgiiig that a fibrillar structure has been detected 
in many undoubted basement membranes, but whether it b(‘ 
a real normal or an artificial structure, there seems little 
reason to regard it as anything more than connective tissue 
pulp stroma. 

It has already been mentioned that the pulp undergoes 
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alterations in advanced age, its diminution in size by its 
progressive calcification and the addition thus made to the 
walls of the pulp cavity being the most conspicuous changes 
wliicli occur. Ill pul|)s which have undergone a little 
further degeneration, the odontoblast layer becomes atro- 
phied ; fibrillar connective tissue becomes more abundant, 
coincidently with the diminution in the ({uantity of the cel^ 
lular elements. Finally, the capillary system becomes 
obliterated by tlio occurrence of thrombosis in the larger 
vessels, the nerves undergo fatt}" degeneration, and tlie pulp 
becomes reduced to a shrivelled, unvascidar, insensitive 
mass. These changes may go on without leading to actual 
putrefactive decomposition of the pulp, and are hence not 
attended by alveolar abscess ; but a tooth in which the 
pulp has undergone senile atrophy is seldom fast in its 
socket. 

The pulps of the teeth of some animals become eventually 
entirely converted into secondary dentine, but it would 
seem to be very generally the case that those teeth which 
exercise very active functions and last throughout the life 
of the creature retain their pulp in an active and vascular 
condition. 


CKMENTUM. 

The cement forms a coating of variable thiekness over 
the roots of the teeth, sometimes, when the several roots are 
very close to another, or the cement is thickened by disease, 
uniting the several roots into one. 

The cement is ordinarily said to be absent from* the 
crowns of the teeth of man, the carnivora, &c., and to com- 
mence by a thill edge just at the neck of the tooth, over- 
lapping the enamel to a slight extent ; it is, in the healthy 
state, thickest in the interspaces between the roots of molar 
or bicuspid teeth ; it is, however, often thickened at the end 
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of a root by a dental exostosis. In compound teeth, the 
cementuni forms the connecting substance between the den- 
ticles (see the figures of the tooth of the Capybara, the 
Elephant, &c.), and, before the tooth has been subject to 
wear, forms a complete investment over the top of tlie 
crown. The cementum also covers the crowns of the com- 
plex-])atterned crowns of the teeth of ruminants ; and, in 
my opinion, is ])rcsent in a rudimentary condition upon the 


Fig. 42 (M. 



teetli of man, &c., as Nasmyth’s membrane. ’Phe cementum 
is tlie mo.st external of the dental tissues : a fact which 
necessarily follows from its being, derived more or less 
directly from the tooth follicle. 

Both physically and chemically, and also in respect of the 
manner of its development, the etoentum is closely allied 
to bone. It consists of a laminated calcified matrix or basal 
substance, and lacuna?. \Tiscular canals corresponding to 
the Haversian canals of bone, are met with, but it is only in 


(^) Thick laniioiited cementum from the root of a human tootJi. 
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thick cerncntum that they exist ] and, in man, perhaps in 
exostosis more often than in the tliick healthy tissue. 

Tlie lamellae of the cementum are thinner towards the 
neck of the tooth, being tliickest at the apex of the root, but 
the number of tlie Jamelhe is about the same in all parts of 
the tooth. 

Soon after the completion of a tooth, there are but few 
lamellfe, and an aciult has cementum far thicker than a 
child ; an aged person again liaving more than an adult. 


Fig. 43 (>). 



Very possibly it is to be regarded as growing at intervals 
through the life of the individual (Black). 

The matrix is a calcified substance, which, when boded, 
yields gclatii?e, and if decalcified retains its foraji and 
structure : it is, in fact, practically identical with the 
matrix of bone. It is sometimes apparently structure- 
less, at others finely granular, or interspersed with small 
globules. 

The lacuna} of cementum share with those of bone the 
following characters ; in dried sections they are irregular 
cavities, elongated in the direction of the lamella} of the 
inaltrix, and furnished with a large number of processes. 
The processes of the lacuiue (known as canaliculi) are most 


(’) Lacuna of cementum wliicli commiinLcatcs the terminations of 
the dentinal tubes. 
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abundantly given off at right angles to the lamellso (see 
Fig. 43), and, again, in cenientum, are more abundantly 
directed towards the exterior of the root than towards the 
dentine. The lacuna) of cementum differ from those of 
bone ill being far more variable in size, in form, and in the 
excessive number and length of their canalicnli ; in this 
latter respect the lacuna) of the cement of Cetacean teeth 
are very remarkable. 

Many of the lacnine in cementum are connected, by means 
of their canalicnli, with the terminations of the dentinal 
tubes (Fig. 44) j they, by^ tlie same means, freely intercom- 
municate with one another, while others of tlieir processes 
are directed towards the surface, which, however, in most 
instances, they do not ajipear to actually reach. 

The lacuna) assume all sorts of peculiar forms, especially 
in the thicker portion of the cement. 

Here and there lacuna) are to be found w'hich are fur- 
nished with comparatively short processes, and are contained 
w'ithin well-confined contours. Sometimes such a line is to 
be seen surrounding a single lacuna, sometimes several 
lacunse are enclosed within it ; lacuna) so circumesribed are 
called “encapsulcd lacuna), ” and were first observed by 
Gerber in the cement of the teeth of the horse (they are 
specially abundant in the teeth of the solidungulata). By 
cautious disintegration of the cementum in acids these en- 
capsulcd lacuna) may be isolated : the immediate w’alls of 
the lacuna) and canalicnli, just as in bone, being composed 
of a material which has more powder of resisting chemical 
re-agents than the rest of the matrix. 

The encapsuled lacuna) are to«*be regarded as individual 
osteoblasts, or nests of osteoblasts, which have to some 
extent preserved tb.cir individuality during calcification. 

In the fresh condition it appears probable that the lacuna) 
are filled up by soft matrix, which shrinks, and so leaves 
them as cavities in dried sections. It can hardly as yet be 
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said that the question of the contents of lacuna) has been 
finally settled, though the researches of Bbdecker and Heitz- 
mann have gone far towards doing so. 

According to them each lacuna contains a protoj)lasmic 
body, which they term the cement corpuscle, with a central 
nucleus. 

This nucleus may be large and surrounded by but littlb 
protoplasm, or it may be small ; or there may bo many 
nuclei. 

Dr. Heitzmami, after staining with gold chloride claims to 
liave demonstrated protoplasmic matter in the thin layer of 
cementum of the neck of the tooth, and while I by no means 
go with him in regarding everything which will stain with 
chloride of gold as protoplasm, yet clinically there is no 
doubt, or very little, that the cementum in this locality is 
very sensitive, that there is an a 2>riori probability that there 
is some uncalcified tissue there. At the same time it must 
be remembered that the half-calcified tissue can be stained 
with silver nitrate, tind sometimes also with gold, on the 
periphery of the pulp, in interglobular spaces, and in 
Neumann’s sheaths, and one would quite expect to find in 
the interstices of tlie globular forms that can be made out 
in this thiii' cementum layer this half-calcified matrix 
material. 

Dr. Heitzmami also throws doubt upon the perforating 
fibres that Iiave been described being Sliarpey’s fibres ; he 
interprets thc.m also as protoplasmic. 

The cement corpuscles communicate freely with one another 
by offshoots, those of large size occupying tlie conspicuously 
visible canaliculi of the lUcuiia), ivhilst the finer ofl'shoots are 
believed by them to form a delicate network through the 
whole basis substance or matrix. The cement corpuscles near 
to the external surface give off numerous offshoots which 
communicate with protoplasmic bodies in the periosteum. 
By this means the cementum can remain alive even when 
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the pulp of the tooth is dead, and thus the tooth be in no 
way a mere foreign body, dead .and inert. 

Like bone, cement um contains Sharpey’s fibres ; that is to 
say, rods running through it at right angles to its own 
lamination, and, as it were, perforating it. 1’hese are pro- 
bably calcified bundles of connective tissue. And it is by 
the medium of these that the alvcolo-dental periosteum 
adheres to the cementum. 

Where the cementum is very thin, as, for instance, where 
it commences at the neck of a human tooth, it is to all 
appearance structureless, and does not contain an}^ lacuna) 
and therefore no protoplasmic bodies : nevertheless lacuna) 
may be sometimes found in thin cementum, as, for examjde, 
in that thin layer w^hich invests the front of the enamel of 
the rodent-like tooth of a wombat. 

The cementum at the neck is also devoid of lamelhe ; it 
appears to be built up by direct ossification of osteoblasts, 
the prismatic shape of which may be traced in it : Bbdecker 
describes it as permeated by a fine but abundant network 
of soft living matter. The larger dentinal tubes fall short 
of the boundary line at the neck, but according to him 
a fijae proto[)lasmic network crosses it. He states that it 
has a covering of epithelial elements, like thost' of the gum. 

Th® outermost layer of thick cementum is a glassy film, 
denser apparently than the subjacent portions, and quite 
devoid of lacuna) ; on the surface it is slightly nodular, and 
might be described as built up of an infinite number of 
very minute and ])erfectly fused globules 3 this is, in fact, 
the youngest layer of cement, and is closely similar to that 
globular formation which characterizes dentine .at an early 
stage of its develojjinent. 

'rhe cementum is very closely, indeed inseparably, con- 
nected with the dentine, through the medium of the 
“ granular ” layer of the latter 3 the fusion of the two tissues 
being so intimate, that it is often difficult to say precisely 
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at what point the one may be said to have merged into the 
other. And in this region there is an abundant passage of 
protoplasmic filaments across from the one to the other. 

Nasmyth’s membrane. — Under the names of Nasmyth’s 
membrane, enamel cuticle, or persistent dental capsule, a 
structure is described about which much difterence of 
opinion has been, and indeed still is, expressed. Over the 
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enamel of tln^ crowm of a human or other mammalian tooth, 
the crown of which is not coated by a thick layer of •qpmen- 
tum, there is an exceedingly thin membrane, the existence 
of which can only be demonstrated by the use of acids, 
which cause it to become detached from the surface of the 
enamel. When thus isolated it is found to form a continu- 
ous transparent sheet, upon which, by staining with nitrate 
of silver, a reticulated , pattern may be brought oiA, as 
though it were made up of epithelial cells. The inner 
surface of Nasmyth’s membrane, is, however, pitted for the 

(^) From a section of bicuspid tooth in winch the cementum, c, is con- 
tinued over the outside of the enamel, a ; tiie dentine is indicated by the 
letter h. 
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reception of the ends of the enunicl prisms, which may have 
something to do with this reticulate appearance. It is 
exceedingly thin, Kdllikcr attributing to it a thickness of 
only one twenty-thousandth of an inch, but, nevertheless, 
it is very indestructible, resisting the action of strong nitric 
or hydrochloric acid, and only swelling slightly when boiled 
in caustic potash. Notwithstanding, however, that it resists 
the action of chemicals, it is not so hard as the enamel, and 
becomes worn off tolerably speedily, so that to see it well a 
young and unworn tooth should be selected. 

Observations upon the presence or absence of Nasinyth^s 
membrane in fish and reptiles arc very much needed ; my 
own recent investigations upon the development of the 
teeth in these classes make me doubt whether the a x^'iori 
conclusion of VV^xldeyer, who believes that the cuticle will 
be found on all teeth, is not based upon an interpretation of 
its nature which is incorrect. 

The observation of Professor Huxley, who believed that 
he found it upon the teeth of the frog, ttc., may be suscep- 
tible of another explanation, to which I shall have to recur, 
merely premising here that its presence is only certain in 
Prinjates, Carnivora, and Insectivora. 

The singular power of resistance to re-«gents which 
characterizes it proves nothing more than that it is a tissue, 
imperfectly calcified, on the border-land of calcification, so 
to speak, since similarly resistant structures are to be found 
lining the Haversian canals, the dentinal tubes, the surface 
of developing enamel, the lacuna), <tc. 

Injny father's opinion (Dental Surgery, 18.59) it is to be 
regarded as a thin covering of cem(!iitum, and I have given 
additional evidence in support of tliis view in a paper 
referred to already in the list of works which heads this 
chapter. 

It now and then happens that the cementum upon a 
more or less abnormal tooth, instead of ceasing at the neck 
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is continued up over the exterior of the enamel. This 
occurs less uncommonly than is generally imagined, and 
the preceding figure represents a portion of the crown of 
such a tooth. 

If the section be made of the grinding surfaces of such 
teeth as present rather deep fissures in these situationsi 
well marked and unniistakcable lacmial cells, or encapsided 
lacuna), will be met with with considerable fretpicncy. Now 
and then an encapsuled lacuna may be found occupying a 
shallow depression in the enamel which it just fits, but 
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more commonly a dozen or more are crowded together in a 
pit in the enamel, where they are usually stained of a broXvnish 
colour. The occiiiTcnce of lacuna) in these situations is far 
from rare : my father^s collection contains more than a dozen 
good examples of them in these positions. 

Nasmyth’s membrane, thin though it is over the exterior 
of the enamel, is thickened wlien it covers over a pit or 
fissure, and when isolated by an acid is seen to have entirely 
filled up such spots. (Fig. 47). 

Ill these places, then, where the encapsuled lacuna) are to 
be found, Nasmyth’s mcmbi’ane also exists, a fact which 

(^) Encapsuled lacuna occupying a pit in the enamel. 
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alone would lend some probability to the view that it is 
ceineutum. 

The general absence of lacunse in Nasmyth’s membrane 
is due to the fact that it is not thick enough to contain them ; 
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just as the thinnest layers of unquestionable cementum also 
are without lacuiuc. 

In sections of an unworn bicuspid which was treated with 
acid subsequently to its having been ground thin and jdaced 
upon the slide, I have several times been fortunate enough 
to get a view of the membrane in Utu ; it then appears to 
be continuous with an exterior layer of cementum, which 
becomes a little discoloured by the acid employed to detach (*) 

(*) Nasmyth’s membrane, set free by the paitial solution of the enamel. 
a. Nasmyth’s membrane, h. Dentine, d. Mass occupying a i)it in the 
enamel, e. Enamel. a\ Tom end of Nasmyth’s membrane. 
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Nasmyth’s membrane from the enamel. I am therefore 
inclined to regard it as young and incomplete cementum, 
and to consider it as representing (upon the human tooth) 
the thick cementum which covers the crowns of the teeth of 
Herbivora ; and I am very glad to learn from my friend 
Dr. Magi tot, who has made man}', as yet unpublished, re- 
searches 111)011 this subject, that he entirely concurs in tliis 
view, which has also the support of Professor VVedl, 

The evidence offered that Nasmyth’s membrane is cementum 
although strong, does not amount to absolute proof ; it is therefore 
desimble to briefly recapitulate the other explanations of its nature 
which have been offered. 

Nasmyth, who first called attention to its existence, regarded it 
as “ iiersistent dental capsule ; ” a view of its nature not very ma- 
terially differing from that advocated in these iiages. 

Professor liuxley described it as lieing identical with the mem- 
brana perform «*itiva ; that is to say, with a membrane which covered 
the dentine papilla prior to the occurrence of calcification, and 
which afterwards came to intervene between the formed enamel 
and the enamel organ. The objections to the acceptance of this 
view of its nature are so inextricably wrapped up with other 
objections to Professor Huxley’s theory of the development of the 
teeth, that they cannot profitably }ye detailed in this place ; it will 
suffice to say, that evidence and the weight of authority alike point 
to there being no such true membrane as this membrana perfomia- 
tiva in the place in question. 

Wiildeyer and Hose holds that it Nasmyth’s ineinbrane)ls a 
product of a jUrt of the enamel organ. After the completion of 
the formation of the enamel he believes that the cellW of the 
external epithelium of the enamel organ become applied to the 
surface of the enamel and there roruijivd ; in this way he accounts 
for its resistance to re-agents, and for its peculiar smell when it is 
burnt. 

Its extreme thinness, so far as it goes, is an objection to this 
supposition : a more weighty Jirguinent against it is the absence of 
analogy for such a peculiar change, by which one portion of the 
same organ is calcified, and the restcornified ; and again, what be- 
comes of these cells in those teeth in which cementum is deposited 
in bulk over the surface of the enamel \ According to the statement 
of Dr. Magitot, the layer of cells in question (external epithelium 
of tlie enamel organ) is atrophied before the time of the completion 
of the enamel ; a fact which, if confirmed, is fatal to Waldeyer’s 
explanation. And Dr. Magitot, in his most recent paper on the 
subject (Journal de I'Anatomie, &c., 1881), gives his adherence to 
the view that it is cementum. 
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Kdlliker. who dissents strongly from the views of Waldeyer, and 
admits some uncertainty as to its nature, provisionally regards it as 
a continuous and structureless layer furnished by the enamel cells 
after their work of forming the fibrous enamel was complete ; a 
sort of varnish over the surface, as it were. 

This would not account for the occurrence of lacunm in it. 


The Gum. 

Tlie gum is continuous with tlie mucous membviine of 
the inside of tlie lij)S, of the floor of tlie mouth, and of tlie 
|)aliitc, and differs from it principally by its greater density. 
Its hardness is in part due to the abundant tendinous fasci- 
culi which it itself contains, in part to its being closely 
bound down to the bone by the blending of the dense fibrous 
fasciculi of the periosteum with its own. The fasciculi 
springing from the periosteum spread out in fan-like shape 
as they approach the epithelial surface. There is thus no 
very sharp line of demarcation between the gum and the 
periosteum when these arc seen in section in siHi, 

The gum is beset with rather large, broad-based papilhc, 
whicli are sometimes single, sometimes conipound ; the 
epitheJKim is comiio-jed of laminte of tesselated cells, much 
flattened near to the surface ; but cylindrical cells form the 
deepest layer of the epithelium, the rete malpighi. 

Small round aggregations of jiavcnient epithelium arc 
met with at a little depth, or even bedded in the surface ; 
these, the “glands ’ of Serres, have no known significance. 
In tbe neighbourhood of developyig tooth-sacs epithelial 
aggregations of similar appearance are to be met with, and 
in such spots are remains of the neck of the enamel organ, 
which has undergone this curious change subsecpicntly to 
the completion of its original function. The gums are rich 
in vessels, but remarkably scantily supplied with nerves. 
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At the necks of the teeth the gum becomes continuous 
with the periosteum of the internal surface of the alveoli, 
into which it passes without any line of demarcation. 


The Alveolo-Dental Memmkank. 

The Alveolo-dcntal Periosteum, or Koot membrane, is a 
conncctiA^e tissue of moderate density, devoid of elastic 
fibres, and richly supplied with nerves and vessels. 

It is thicker near to the neck of the tooth, Avhere it passes 
by imperceptible gradations into the gum and periosteum of 
the alveolar ]jrocess, and near to the apex of the root. The 
general direction of the fibres is transverse ; that is to say, 
they run across from the alveolus to the cementum, without 
break of continuity, as do also many capillary vessels ; a 
mere inspection of the connective tissue bundles, as seen in 
a transverse section of a decalcified tooth in its socket, will 
suffice to demonstrate that there is but a single “ membrane, 
and that no such thing as a membrane proper to the root 
and another proper to the alveolus can be distinguished ; 
and the study of its development alike proves that the soft 
tissue investing the root, and that lining the socket,* are one 
and the same thing : thtat there is but one “ membrane,’* 
namely, the alveolo-dcntal periosteum. 

At that part which is nearest to the bone the fibres are 
grouped together into conspicuous bundles; it is, in fact, 
much like any ordinary fibrous membrane. On its inner 
aspect, where it beconivJs continuous with the cementum, it 
consists of a fine network of interlacing bands, many of 
wdiich lose themselves in the surface of the cementum. 

But although there is a marked difference in histological 
character between the extreme parts of the membrane, yet 
the markedly fibrous elements of the outer blend and pasa 
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insensibly into the bands of the fine network of the inner 
part, and there is no break of contimiity whatever. 

The actual attachment, both to the cementum and to the 
bone, takes place by means of the connective tissue fibres, 
which pass riglit into the hard structures, Avhich they 
traverse for some distance, and in this situation arc known 
a/3 Sharpey’s fil)res. 

They pass throuj^h all the lamella) of the cementum, and 
there are appearances of shrinkage in dry preparations 
which would lead to the inference that they were not very 
fully calcified ; in some portions of the cementum it seems 
to be almost composed of them, as at the neck of a tooth 
(Black). This writer states that they may be especially 
clearly seen in the pig, and that “they arc the principal 
fibres of the peridental membrane included in the cementum 
in its growth, and furnish the means of making firm hold of 
the peridental membrane u})on the root of the tooth. IMiey 
are white connective tissue fibres, the ends of which are 
included in the matrix of the cementum sufficiently to make 
them apjiarcnt when the lime salts are removed, but when 
both are calcified, they cannot be demonstrated except in 
cases where there is imperfect calcification of the fibres, as 
has been mentioned above.” i, 

'i^he ‘thickness of the membrane appears to undergo a 
diminution with age, by calcification encroaching upon it 
from both the side of the bone and of the cementum. 

Malassez (“ Archiv de Physiologic,” 1885) urges that an 
ordinary periosteum in this situation would be too tender for 
the purposes of mastication, and that as it is not a mere 
cnvel'oping membrane, but is compi'sed of fibrous bundles, 
which serve to sling the tooth in its place, it should be 
called the alveolodental ligament; he further compares it 
with the fibrous bands which in some fishes serve to tie the 
tooth down to the bone where no tooth sockets exist, and 
holds that it is strictly homologous with these. Kanvier 
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also points out that there is no isolable membrane such as 
there is on a long bone, and compares the alveolar cavity and 
its contents to a very large medullary space. 


Fns. 47 ('). 



At the surface of tlie cementum it is more richly cellular, 
and here occur abundantly large soft nucleated plasm 
masses, which are the osteoblasts concerned in making (*) 

(*) Portion of the side of the root of ;i tooth, the yuin and alveolar 
dental iiiemhraiie, and the edge of the bone of the alveolus. 

A band of fibres is seen passing over the surface of the alveolus and 
dividing, some to pjvss upwards into the gum, othens to pass more directly 
across to the cementum. Numerous orifices of vessels cut across trans- 
versely are seen between the tooth and the bone. 
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cementum, and which by their offshoots communicate with 
plasm masses imprisoned within the cementum. 

1 have rarely seen the fibres, whether in longitudinal or 
in transverse sections, pass straight in the shortest possible 
line from the bone to the cementum, but they invariably 
pursue an oblique course, wliich probably serves to allow for 
slight mobility of the tooth without the fibres being stretched 
or torn. 

The blood vessels are most abundant in membrane mid- 
way between the bone and the ccnicntum, or rather nearer 
to the latter, but close to it there is a i*icli capillary plexus 
without large vessels. A good many of the arteries enter 
the apical region, and break up to go, partly to the tooth pulp 
and partly to the periosteum, some of them reaching right 
from the apex to the gum ; they anastomose freely with 
vessels in the bone and with those of the gum, so that the 
blood supply is not easily interfered with. 

The vascular supply of the root membrane is, according 
to Wedl, derived from three sources ; the gums, the vessels 
of the bone, and the vessels destined for the pulp of the 
tooth, the last being the most important. 

fl^he nerve supply also is largely derived from the dental 
nerves running to the dental pulps ; other filaments come 
from* the inter-alveolar canals (canals in the bone, contain- 
ing nerves and vessels, w'hich are situated in the septa 
separating the alveoli of contiguous teeth). 

It should be borne in mind that the tooth pulp and the 
tissue which V)ecomes the root membrane have sprung from 
the same source, and were once continuous over the whole 
base of the pulp. A recognition this fact makes it easier 
to realise how it comes about that their vascular and nervous 
supplies arc so nearly identical. 

Several observers liave laid stress upon the occurrence of 
cells upon the surface of the cementum, deep down in the 
tooth sockets, which are unlike osteoblasts, but are very 
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much like epithelial cells. It is claimed hj von Brunn 
that the enamel organ goes far below the region where 
enamel is to be formed, and that it is iji fact co-extensive 
with the dentine, thus necessarily intervening between 
the dentine and the cement-forming tissue; he describes 
the connective tissue bundles as growing through it to 
attach themselves to the dentine, and thus cutting up 
the remains of this enamel organ into small isolated areas, 
which are to be found here and there in the adult alveolo- 
dental periosteum. 

Dr. Black describes another type of cells which he be- 
lieves to be lymph cells lining lymph canals ; these are 
always found close to cement um. He believes also, as 
corroborative of this view, that he has been able to trace 
pus infiltration along these chains of cells. 

The human tooth is, accepting as correct the researches of 
Bddecker, which appear in this respect deserving of credence, 
connected with the living organism very intimately, even 
though its special tissues are extra-vascular. 

For blood vessels and nerves enter the tooth pulp in 
abundance ; the dentine is organically connected with the 
pulp by the dentinal fibrils ; these are connected with the 
soft cement corpuscles, which again are brought by tHeir 
processes into intimate relation with similar bodies the 
highly vascular periosteum. 

So that between pulj) inside, and periosteum outside, there 
is a continuous chain of living plasm. 

A favourable place in which to study the nature of the 
alveolodental membrane is the rapidly changing tooth of the 
crocodile ; in it the men\})rane is very thick,’ its bundlciS of 
connective tissues very apparent, and down its middle por- 
tion across which it parts 'when the teeth are changed, the 
portion nearest to the bone being more or less persistent, a 
row of pigment cells arc. to be seen. 


II 
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CHAPTER V. 

THE DEVELOPMENT OF THE TEETH. 

The dovclopiiicut of the teeth is a process which, while 
subject to modifications in the different groups of verte- 
brates, retains nevertliclcss in all certain essential charac- 
ters, so tliat it becomes possible to embody its main features 
in a general account. 

Prior to the commencement of any calcification tliere is 
always a special disposition of the soft tissues at the spot 
where a tooth is destined to be formed ; and the name of 
“tooth germ” is given to those portions of the soft tissue 
which are thus specially arranged. All, or a j)art only, of 
the soft structures msiking up a tooth germ, become con- 
verted into tlie dental tissues by a deposition of salts of lime 
within their ovfii substance, so that an actual conversion of 
at least seme portions of the tooth germ into tooth'* takes 
place. The tooth is not secreted or excreted by the tooth 
germ, but an actual metamorphosis of the latter takes 
place. The details of this conversion can be better dis- 
cussed at a later page ; for the present it will suffice to say 
tliat the three principal tissues, namely, dentine, enamel, 
and cementum, are formed from distinct parts of the tooth 
germ, and that we are hence accustomed to speak of the 
enamel germ and the dentine germ j the existence of a 
special cement germ is asserted by Magitot, but as yet his 
<lescriptions await confirmation. 

In many anatomical works which the student may have 

II 2 
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occjision to consult, the process of tooth development may 
still be found to be divided into periods, under the names of 
“ papillary,” “ follicular,” and “ eruptive ” stages. 

These stages are based upon a false conception, upon 
theories now known to be incorrect, and may advantageously 
be absolutely abandoned. The account of the development 
of the teeth given in the following pages (based in the 
case of man and mammals upon the researches of Kolliker, 
Thiersch, and Waldeyer ; in the case of reptiles and fishes, 
upon those of ITuxley and Santi Sirena, and upon Hertwig^s, 
my own, and others), will be found to differ from the older 
accounts published by a deserved! 3" great authority, 
Professor Owen. Modern methods of research have disclosed 
facts heretofore not demonstrable; yet twenty years ago 
Professor Huxley demonstrated in a remarkable paper the 
incorrectness of certain of the theories then promulgated. 
Of the general accuracy of the following description I am 
however fully satisfied, and most of the facts may be easily 
verified by any one desirous of so doing. 

True tooth germs are generally not formed quite upon 
the surface Q), but are always situated at a little distance 
bejicath it, in some creatures ultimately coming to lie at a 
considerable depth. Every known tooth gof-m consists in 
the firkt instance of two portions, and two only, the enamel 
germ and the dentine germ : and these are derived from 
distinct sources, the former being a special development 
from the epithelium of the mouth, the latter from the more 
deeply lying parts of the mucous membrane. Other things, 
such as a tooth capsule, may be subsequently and secondarily 
formed, but in the first instance, tvery tooth germ consists 
of an enamel germ and a dentine germ only, and the 

(q Tbe placoid scales of embryonic sharks are, ho-wever, formed on- the 
surface, and the “ germs” covered in by epithelium only (Hertwig), and it 
is said that the first tooth germ in Urodela is an upstanding papilla which 
afterwai'ds sinks in (Rose). 
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simplest tooth germs never develop any additional parts. 
The existence of an enamel organ in an early stage is there- 
fore perfectly independent of any subsequent formation of 
enamel by its own conversion into a calcified tissue, for I 
have shown that it is to be found in the germs of teeth 
which have no enamel ; in fact, in all known tooth germs 
whatever. 

That part of the tooth germ destined to become dentine 
is often called the dentine papilla, having acquired this 


Fw. 48 (*). 



name from its papilliform shape ; and in a certain sense it 
is true that the enamel organ is the epithelium of the den- 
tine papilla. Yet, although not absolutely untrue, such an 
expression might mislead by. implying that the enitmel 
organ is a secondary development, whereas its appearance 
is contemporaneous with, indeed antecedent to, that of the 
dentine germ. The most general account that one can give 

(^) Developing dermal spine of a Selachian, after Hertwig. a. Enamel 
cells, b. Epithelium of surface, c. Dentine germ. d. Formed dentine • 
€. Formed enamel. /, </. Cells of the Mesoblast. 
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of the process is that all round the future tootli-bearing part 
of the jaw there is a dipping in of the epithelium, or rather 
of its deep layer, constituting a continuous sheet, the tooth 
band or Zahiileisto of German authors, which will be 
described in more detail hereafter. 

At certain points along this a further development of the 
'epithelium takes place, forming enamel organs, and beneath 
each of these a specialisation of the mesoblastic tissue goes 
on, forming the dentine papilla?. As the details of this 
process vary in different creatures I will at once pass to the 
description of the development of teeth in the various great 
groups of animals. 

In Elasmobranch Fishes. — If a transverse section 
through the jaw of a dog-fish (Scyllium canicula) be ex- 
amined, we shall find that the forming teeth lie upon the 
inside of the semi-ossified jaw-bones, the youngest being at 
the bottom (Fig. 49); progressing upwards, each tooth is 
more fully calcified till, on passing over the border of the 
jaw, we come to those teeth whose period of greatest useful- 
ness is past, and which are about to be cast off in the 
course of that slow rotation of the whole tooth-bearing 
nmpous membrane over the border of the jaw, which is 
constantly going on. « 

Ilf the section figured there are four teeth advanced in 
calcification, w^hilc beneath them are four tooth germs in 
earlier stages ; of the former two only are fully protruded 
through the epithelium, the third being in part covered in ; 
the remaining teeth are altogether beneath the surface of 
the, epithelium,^ and therefore shut off from the cavity of the 
mouth, if the soft parts be all in ^tu. 

All the teeth not fully calcified are covered in and pro- 
tected by a reflexion upwards of the mucous membrane (c in 
the figure), which serves to protect them during their calci- 
fication. 

But although this may be termed a fold reflected upwards, 



THE BEVEWTMENT OF THE TEETH, 


103 


it is not, as was supposed by Professor Owen, a free flap, 
detached from the opposite surface on whicli the teeth are 
developing ; there is no deep open fissure or pouch running 
round inside the jaw, as would in that case exist, and the 
epithelium docs not pass down on the one side to the bottom 
of such fissure, and then ascend upon the other as a distinct 
layer. On the contrary we have here that inward growing 
inflexion of epithelium known as the “tooth band’’ (Zahn- 
Icistc). Although the fold is very easily torn away from 
the tooth germs which it covers in, yet in the natural con- 
dition it is attached, and there is no breach of surface ; the 
epitlielium passing across from the jaw to cover it is well 
seen in the figure, in which the epithelial layer is repre- 
sented as broken just at the point (between the third and 
fourth teeth) where it leaves the jaw to cross over on to 
the surface of the flap. 

’riie conditions met with in the Elasmobranch fishes are 
peculiarly favourable for the determination of the homolo- 
gies of the several parts of the tooth germ and of the formed 
tooth (*). At the base of the jaw, where the youngest tooth 
germs are to be found, the tissue whence the dentine 
papilhe arise blends insensibly with that making up^dihe 
substance of >the thecal fold on the one hand, and on the 
other with that clothing the convexity of the jaw and giving 
attachment to the teeth. 

No sharp line of demarcation at any time marks off the 
base of the dentine papilla from the tissue which surrounds 
it, and from which it springs up, as would be the case in 
mammalian or reptilian tooth germs; all that can be said 
is, that tlie dentine germij are cellular, the cells being large 
and rounded, while in the rest of the mucous membrane the 
fibrillar elements preponderate, so that it passes by imper- 
ceptible gradations into the densely fibrous gum, found on 
the exposed border of the jaw. 

(*) Compare the description of the placoid dermal spine (page 2). 
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The dentine germs, and consequently the dentine, tire 
Indisputably derived from the connective tissue of the 
mucous membrane immediately subjacent to the epithe- 
lium, nor can it be doubted that the enamel organs are 


Fig. 49 (»). 
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derived from the epithelium of that same mucous 
membrane. 

Of course there is nothing new in this conclusion, which 
had been already arrived at by the study of other creatures, 
but the sharks happen to demonstrate it with more clear- 
nesSjthan those other animals in whom the original nature 
of the process is more or less maskid by the introduction of 
further complexities. (*) 

(*) Transverse section of lower jaw of a Dog fish, a. Oral epithelium. 
b. Oral epithelium passing on to flap. c. Protecting flap of mucous mem- 
brane (thecal fold), d. Youngest dentine pulp. e. Youngest enamel 
organ. /. Tooth about to be shed. g. Calcified crust of jaw. 
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Hence it is worth while to study carefully the relations 
of the epithelium constituting the enamel organs with that 
of the surface of the mouth. As has been already mentioned, 
in the normal condition of the part there is no deep fissure 
on the inner side of the jaw, but the epithelium passes 
across (from the interspace between the third and fourth 
teeth in the figure) on to the protecting fold of mucous 
membrane (c in fig.). The epithelium in this situation does 
not, then, consist simply of one layer going down on the 
one 'Side and covering the tooth germs, and then reflected 
up at the bottom to coat the inner side of the thecal fold, 
but it is an inflexion of the deep layer or tooth band ; it 
is termed enamel organ ” because over the tooth germs 
these epithelial cells assume a marked columnar character, 
and are very different in appearance from the epithelium 
elsewhere. 

The terminal portion of this tooth band runs beyond the 
youngest enamel germ, which forms a bell-like cap over 
the eminence of mucous membrane connective tissue which 
constitutes the earliest dentine germ, and in section is of 
the form shown in the figure. The surface next to the 
dentine papilla consists of elongated columnar cells, with 
nuclei near ki their attached extremities, while the rest of 
its substance is made up of much smaller cells, some of 
which have inosculating processes, so that they constitute 
a sort of finely cellular connective tissue, very difterent in 
appearance from anything met with in mammalian enamel 
organs. It is sufticiently consistent to keep up the con- 
tinuity of all the enamel organs, even when disjilaced in 
cutting sections, so that ihe whole might almost be described 
as forming one composite enamel organ. The columnar 
cells already alluded to invest the whole surface which is 
directed towards the forming teeth, but they atrophy some- 
what in the interspaces of the tooth germs. 

Before proceeding further in the description of the deve- 



106 


A MANUAL OF DENTAL ANATOMY, 


lopmcnt of the tooth germs, it will be well to refer once 
again to an earlier stage in the growth of the Dog-fish, in 
which the relation subsisting betw'een the teeth and the 
dermal spines is still well seen. 

On the lower jaw of the young dog-fish there is no lip : 
hence, as is seen in the figure, the spines which clothe the 
skin come close to the dentigerous surface of the jaw. 

Although there are differences in form and size, a glance 
at the figure will demonstrate the homological identit}^ of the 
teeth and the dermal spines. As the dog-fish increases in 
size, this continuity of the teeth with the dermal spines on 


Fig. 50 ('). 



the outside of the head becomes interrupted h\ an extension 
of th(5 skin to form a lip ; this happens earlier in the upper 
jaw than in the lower, .and at first the spines are continued 
over the edge and the inside of the newly-formed lip — from 
these situations, however, they soon disappear. In stnicturc, 
the teeth and the dermal spines are, in many species, very 
closely similar the latter are, however, much less often 
shed and reproduced, so that it is*less easy to find them in 
all stages of their growth ; I believe, however, that they 
follow a course essentially similar to that of the teeth. 

(*) Section of lower jaw of young Dog-fwh, showing the continuity of the 
dermal spines of the skin under the jaw, with the teeth whicli lie above 
and over its end. 
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It is stated by Gegenbaur that in Sclachia the mucous 
membrane of the mouth is clothed with spines of a structure 
similar to that of the teeth, and that these spines are often 
limited to particular regions, extending back as hxr as the 
pharynx — these same regions in Ganoids and Osseous fishes 
being occupied by conspicuous teeth ; and Hertwig has 
shown that the dermal spines are developed in a maimer 
precisely analogous to that described in the teeth, save that 
the germs are even less specialised. 

In Teleostei or Osseous Fishes. — In passing from 
the consideration of the development of the tooth germs of 
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Elasinobranth to those of Osseous fishes, the first difference 
to be noted is this : whereas in the former each tootli germ 
was, so far as the enamel germ is concerned, derived from 
tlie general tooth band, in the latter each enamel germ 
ajiparently often arises indexicndently and, as it were, de novo. 
At all events, so far as my own investigations go, no obvious 
connection between the germs of teeth of different ages is 
visible ; but Hcinckc s'ays that in the Pike new enamel 
organs may be derived from older ones. 

This apparently independent origin of an indefinite 

(^) Tootli-germ of an Kel. d. Neck of Knainel organ, v. Knaincl cells. 
a. Cap of enamel, h. Cap of dentine, e. Kiulimontary enamel cells 
opposite to that part of the dentine germ where no enamel will be formed. 
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number of teeth, having no relation to their predecessors, 
only occurs in the osseous fish : in them it is likely that the 
germs so soon become detached that their origin from any 
common tooth band is masked : of the develoi)ment of the 
teeth of Ganoid fish nothing is known. 

The oral epithelium, which varies much in its thickness 
and in other characters in different fishes, sends down a 
process which goes to form an enamel organ, whilst a dentine 
papilla in rising up to meet it, comes to be invested by it as 
with a cap. The after-history of the process depends much 
on the character of tooth which is to be formed. If no 
enamel, or but a rudimentary coat of enamel, is to be formed, 
the cfells of the enamel organ remain small and insignificant, 
as in the mackerel. If, on the other hand, a partial invest- 
ment of enamel is found upon the perfected tooth, such, 
for instance, as the little enamel tips upon the teeth of the 
Hake (sec Fig. 28), then the after-development of the enamel 
organ is very instructive. 

Opposite to the apex of the dentine papilla, where the 
enamel cap is to be, the cells of the enamel organ attain to 
a very considerable size, measuring about of an inch in 
lengt^h ; below this the investing cap of enamel organ does 
not cease, but it is continued in a sort of rudilnentary con- 
dition/ * Thus, although the enamel organ invests the whole 
length of the dentine papilla, its cells only attain to any 
considerable size opposite to the point where the enamel is 
to be formed. The knowledge of this fact often enables an 
observer to say, from an inspection of the tooth germ, 
whether it is probable that the perfected tooth will be coated 
with enamel or not. In any case An enamel organ will be 
there, but if no enamel is to be formed, the individual cells 
do not attain to any considerable degree of differentiation 
from the epithelium elsewhere ; in other words, the whole 
enamel organ will partake of the character of the lower 
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portion of that represented in the figure of the tooth germ 
of the Eel. 

Although of course there arc many differences of detail 
arising from the very various situations in wliich teeth are 
developed in fish, so great uniformity pervades all which 
I have examined, that avc may at once pass on to the con- 
sideration of the development of the teeth of reptiles, merely 
adding that it is not altogether true to say that the teeth of 
fish in their development exemplify transitory stages in the 
development of mammalian teeth. 

In Reptiles, so far as the appearances presented by 
the individual germs go, there are few difiTcrcnccs worthy 
of note to be found by which they are distinguishable 
from those of either fish or mammals. The enamel organ is 
derived from a tooth band, and the dentine organ from 
the submucous tissue in a very similar manner; never- 
theless, there are points in the relation which the suc- 
cessional tooth germs bear to one another, and to the 
teeth already in situ^ which are of some little interest. The 
constant succession of new teeth met with amongst almost 
all reptiles renders it easy to obtain sections showing the 
teeth in all stages of growth : upon the inner side of the jaw 
there will bc^found a region occupied by these forming teeth 
and by nothing else, which may be called “ area of, tooth 
development ; ” this is bounded on the one side by the bone 
and teeth which it carries, and on the other by a more or 
less sharply defined wall of fibrous connective tissue. In 
the Newt, for example (Fig. 52), to the left of the tooth in 
use are seen four tooth sacs, in serial order, the youngest 
being nearest to the median line of the mouth. As the sacs 
increase in size they appear to undergo a sort of migration 
towards the edge of the jaw, while simultaneously new ones 
are constantly being developed beyond them. In the Newt, 
the ingrowth of the epithelium is obviously the first step 
apparent ; this ingrowth of a process of epithelium or tooth 
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band always extends beyond and inside the youngest dentine 
papilla, and each new enamel organ is formed from its side 
near its growing end. New enamel organs are therefore not 
derived directly from the epithelium of the surface, but 
from the deep end of the tooth band. 

In the Newt, the developing teeth spread out for a con- 
siderable distance towards the palate, and thus, being free 
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from crowding, the relations of the enamel organs of three 
or four successioiial teeth of serial ages may be studied in a 
single section ; and the arrangement so disclosed may be 
advantageously compared with that seen in the dog-fish (sec 
Fig. 49). 

The tooth sac of the Newt is a good example of the sim- 
plest form of tooth sac, consisting solely of an enamel organ 
and a dentine germ, without any especial investment. The (*) 

(*) Section of upper jaw of Triton cristalus (Newt). To the inner aide 
of the tcioth attached to the bone are three younger tooth germs. 
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“sac” is wholly cellular, and on pressure breaks up, leaving 
nothing but cells behind it. The cells of the enamel organ 
arc large, and resemble those of the Eel ; the teeth of newts 
have a partial enamel tip, like those of the fish referred to, 
but dilFei ing from them in being bifurcated, as is very early 
indicated by the configuration of the enamel organ. 

In the Frog there is a peculiarity in the manner in which 
the two jaws meet, the edentulous lower jaw, which has no 
lip, passing altogether inside the upper jaw and its sup- 
ported teeth, and so confining the area of tooth development 
within very narrow limits. Consequently I have been unable 
to satisfy myself whether the new tooth germs, or rather 
their enamel organs, are derived from the ])rimitivc tooth 
band or spring up de novo; analogy would indicate the 
former, but appearances tend towards the latter supposition. 

There is a peculiarity in the development of the teeth of 
some reptiles in that the first formed tooth is formed, like 
the dermal spine of a shark, very close to the surface ; in 
fact. Rose says that the first tooth germ of the crocodile is 
actually an upstanding papilla. 

This, however, is not confirmed by Leche, who says he 
has never seen an actual free papilla, but he describes and 
figures in the Jguana a firat little rudimentary tooth almost 
in the surface epithelium, and show's that the toofli.band 
sinks in deeper and dee])er by the side of this, till at last 
the successional teeth are formed as deep as possible on 
the surface of the jaw bone, into which however they do 
not sink. 

In the Lizards the new' tooth germs are formed a very long 
way beneath the surface, so that the nect of the enamel 
organ becomes enormously elongated, for the dentine papilla 
is, just as in the Newt, situated at first quite at the level of 
the floor of the area of tooth development. The teeth of 
the Lizards have a more complete investment of enamel, 
hence the enamel cells are developed upon the side of the 
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dentine germ to a much lower point than in the Newt. The 
germs also accjuire an adventitious capsule, mainly derived 
from the condensation of the connective tissue around 
them, which is pushed out of the way as they grow larger. 
The further progress of the tooth germ being identical with 
that of mammalia, its description may bo for the present 
deferred. 

Some lizards, such as Hattcria and Charaselcon, present 
no evidence of sncccssional teeth being formed, though in 
these acrodont lizards a “ tooth band is to be seen to the 
inner side of the structural tooth (Keise). 

In Ophidian reptiles (snakes) several peculiarities are met 
Avith which are very characteristic of the order. A snake’s 
method of swallowing its food would seem to render the 
renewal of its teeth frequently necessary; although I do 
not knoAV of any data by which the probable durability of 
an individual tooth could be estimated, the large number 
of teeth which are developing in reserve, all destined to 
succeed to the same spot upon the jaws, would indicate that 
it is short. 

I have seen as many as seven sncccssional teeth in a single 
section, and their arrangement, particularly in the lower 
jaAv, which undergoes great displacement whilc^food is being 
swallowed, is very peculiar. The numerous successional 
tooth sacs, instead of being spread out side by side, as in 
the newt, are placed almost vertically, and in a direction 
parallel with the surface of the jaw-bone ; they are, mote- 
over, contained in a sort of general investment of connective 
tissue ; a species of bag to keep them from displacement 
during the expansion of the mouth4 

The inward growing process of oral epithelium enters this 
case of tooth sacs at its top ; and may be caught sight of 
here and there as its prolongations wind their way by the 
sides of the tooth sacs to the bottom of the area. Here the 
familiar process of the formation of an enamel organ and 
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dentine papilla may be observed, in no essential point differ- 
ing; from that Avhicli is to be seen in other animals. 

That the derivation of each enamel organ is from a part of 
that of the tooth band is very obvious ; the dentine organs 
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are formed in relation with the enamel germs, but apparently 
independently of one another. 

As the tooth sacs attain considerable dimensions, a curious 
alteration in position takes place ; instead of preserving a 
vertical position, they become recumbent, so that the form- 
ing tooth lies more or less parallel with the. long axis of the 
jaw. The utility of such an arrangement is* obvious : were 
the tooth to remain erect after it has attained to some little 

(^) Transverse section of the lower jaw of common English Snake, e. 
Inward dipping process of epithelium. /. Oral epithelium. 1, 2, 3, &c. 
Tooth germs of various ages. 8. Tooth in place, cut somewhat obliquely, 
so that its tip apparently falls short of its surface, and does not i)roject 
above the mucous membrane. 


I 
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length, its point would probably be forced through the 
mucous membrane when the mouth was put upon the stretch ; 
but while it lies nearly parallel with the jaw no such accident 
can occur. 

The tooth docs not resume the upright position until it 
finally moves into its place upon the summit of the bone. 

Fid. 54 (*). 



As has already been mentioned, there is a well-developed 
enamel organ with large enamel cells : from these a thin 
layer of enamel is formed, and thus the thin exterior layer 
upon the teeth of snakes is true enamel, and not, as has 
been usually supposed, cementum. 

(^) Developing teeth of a Snake. /. Oral epithelium, e. Neck of ther 
enamel organs, h. Dentine pulp. c. Enamel cells, d. Dentine. 1, 2» 
Very young germs. 3, 4. Older germs. 
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Many points in the development of the teeth of reptiles I 
have passed over very briefly for the want of space ; a more 
full account of my observations will be found in the Philo- 
sophical Transactions for 1875. 

In Mammalia the earliest changes which will ultimately 
result in the formation of a tooth are traceable at a very 
early period ; before ossification has set in, the lower jaw 
consisting solely of Meckel’s cartilage imbedded in embryonic 
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tissue, and the lateral processes Avhich become the upper 
maxillary bones having but just reached as far as the median 
process which* constitutes the intermaxillary bone. Jhat is 
to say, about the fortieth or forty -fifth day (in the hiiman 
subject), in the situation corresponding to the future alveolar 
border, there appears a slight rounded depression, extending 
the whole length of the jaw, it and its elevated holders being 
formed by an increase in the thickness of the layer of epi- 
thelial cells ; wliile in transverse sections the proliferation of 
epithelial cells is found to have been even more energetic in 
a direction downwards into the substance of the jaw than it 

(^) Embryo at end of fifth week (after Carpenter). 1, 2. First two 
visceral arches, a. Superior maxillary process, t. Tongue, h. Eye. 
0 . Lateral nasofrontal process, nf. Nasofrontal process. 
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is upwards, so that a cul-de-mc of epithelium dips into the 
embryonic sub-mucous tissue. (*) 

This inflection of the deep layer of the epithelium takes 
place around the entire circumference of the jaw, so that 
what appears in section like a tubular gland is really a con- 
tinuous sheet or lamina of epithelium, the tooth band. 

The successive stages of tooth development have been 
made more intelligible by the researches and models of lidse, 
who has made use of Born’s method of modelling. A 
complete scries of sections arc made by some form of auto- 
matic microtome and photographed to the same scale; every 
fourth or fifth section is then traced on tracing-paper, and 
sheets of wax being taken, the thickness of whicli bear some 
definite relation to the magnification of the sections, the 
tracing-paper is laid on the wax and the wax cut out round 
the line of the tracing. 

It is obvious that if the wax sheets are of a thickness 
exactly proportionate to the thickness and number of sections 
to which each correspond, and if the sheets so cut out are 
placed with their flat sides together, tlicy Avill, after being 
united by running a hot spatula along their edges, exactly 
represent, on a magnified scale, the object in the solid. 

But it is of course impossible to represent tjuis more than 
one ‘Set of structures at a time, though, by making our 
tracing round any set that we may select, a solid model of 
that structure is the result. 

For our present purpose the epithelial band, being the 
most interesting, has been specially selected by Hose. 

The result of a study of these models brings into promi- 
nence the following facts. The wiginal inflection (tooth 

(^) The epithelium having been removed by maceration or by keeping a 
specimen in dilute spirit, a groove would result, and this is probably what 
was seen and described by Goodsir as the jirimitive dental groove : ” 
but, as the student will gather from the text, there is at no time any such 
thing as a deep open groove like that described by him, unless it results 
from maceration and ct nsequent partial destruction of the 8i)ecimen. 




(^) Thrje stages in the development of a mammalian tooth germ (after 
Frey), a. Oral epithelium heai)ed up over germ, h. Younger epithelial 
cells, c'. Deep layer of cells, or rete Malpighi, d. Inflection of epithelium 
or tooth band, r. Stellate reticulum. /. Dentine germ. //. Inner por- 
tion of future tooth sac. h. Outer portion of future tooth sac. t. Vessels 
cut across, k. Bone of jaw. These figures are not quite accurate, in that 
they do not show the continuation of the tooth band beyond the formed 
tooth germ. 
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are more immediately concerned passes almost horizontally 
backwards into tlic tissues l)eiicath. 

This stage is reached about the forty-eighth day ; then, 
near to, but not quite at, the free edge of the tooth band 
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club-shaped thickenings appear at each point where a tooth 
is going to be formed, and very soon each little thickening 
assumes a bell shape, and a papilla-like specialisation of the 
submucous tissue pushes into it 

(^) Three stages of the human tooth germ (after Hertwig). a. Primitive 
dental furrow, b. Tooth band in section, c. Enamel organ of first tooth. 
d. Fi'eeend of tootli band becoming the enamel organ of siiccessional tooth. 
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It is to be particularly noted that this development of 
bell-shaped future enamel organs is not at the free edge, but 
only very near to it, so that the margin of the tooth band is 
free to go on growing past them, deeper into the submucous 
tissue, as may be seen in the accompanying diagrams taken 
from Hertwig (“ Lehrbuch der Entwickclungsgcschichte,” 
1888 ), and it is from this further growing part of the tooth 
band that the enamel organs of successional teeth, whether 
one or more, will be derived. 

We may now proceed to trace the further development of 
an iiidividiial enamel organ. The first result of rapid pro- 
liferation of cells is to bring it somewhat into the form of a 
Florence flask ; then, as the future dentine papilla becomes 
more defined and pushes into it, it assumes the form of a 
bell with a handle, like a dinner-bell, as may be seen in the 
accompanying figures ; and at the same time it recedes from 
the tooth band so that it comes to be connected with the 
latter only by a narrow double line of cells, as seen in section ; 
this goes on ultimately to the detachment of the enamel 
organ from the tooth band. 

The cells upon the periphery are columnar, polygonal 
cells occupying the central area of the enlargement, yerv 
soon the terminal enlargement, as it grows more deeply 
into the jaw, alters in form ; its base becomes flattened,' 
and the borders of the base grow down more rapidly than 
the centre, so that its deepest portion presents a concavity 
looking downwards ; it might be compared to a bell, sus- 
pended from above by the thin cord of epithelium which 
still connects it with the epithelium of the surface, pr it 
might in section be desoAbed as crescentic, the horns of the 
crescent being long, and looking downwards. Coincident 
with the assumption of this form by the enamel germ, is 
the appearance of the dentine germ ; but it will facilitate 
the description of the process to pursue a little farther the 
development of the enamel organ.' 
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The cells on its periphery remain prismatic or columnar, 
but those in its centre become transformed into a stellate 
network, in which conspicuous nuclei occupy the centre of 
ramified cells, the processes from which anastomose freely 
with those of neighbouring cells (see Fig. 58). This conver- 
sion of the cells into a stellate reticulum is most marked 
quite in the centre of the enamel organ ; near to its surfaces 
the processes of the cells are short and inconspicuous, and 
the whole process strikingly recalls the phenomena of colloid 
degeneration as observed in certain tumours. 

The transformation of the cells occupying the centre and 
constituting the bulk of the enamel organ into a stellate 
reticulum goes on progressing from the centre outwards, but 
it stops short of reaching the layer of columnar cells Avhich 
constitute the surface of the enamel organ, next to the den- 
tine papilla ; a narrow layer of unaltered cells which remain 
between the stellate cells and the columnar enamel cells 
constituting the ‘‘stratum intermedium.^^ 

Thus far all the cells constituting the periphery of the 
enamel organ are alike : they are columnar or prismatic ; 
but from the time of the appearance of the dentine papilla 
those which come into relation with it become much more 
elongated and greatly enlarged, while those raind the outer 
or convex surface of the enamel organ do not enlarge ; 
indeed, according to some authors, they even commence to 
atrophy at this early period. The cells which lie like a cap 
over the dentine germ or “ papilla as they elongate and 
their nuclei recede to their extremities, take on the character 
to be^ presently described as belonging to the “ enamel cells ” 
(enamel epithelium, internal cpiVhelium of the enamel 
organ). 

The enamel organ, then, consists (proceeding from with- 
out inwards) of an “ external epithelium,” a “ stellate reti- 
culum,” a “ stratum intermedium,” and an “ internal epithe- 
lium,” the external and internal epithelia being continuous/ 
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at the edges or base of the enamel organ, while at its summit 
the external epithelium remains still, through the medium 
of the “neck of the enamel organ,” in continuity with the 
cells of the “ stratum Malpighi.” 

Thus the enamel organ is entirely derived from the oral 
epithelium, witli which, by means of its “ neck,” it long 
retains a connection, so that it, and whatever products ft 
may afterwards give rise to, are obviously to bo regarded as 
“ epitheliiil structures.” Ihit it is the enamel organ alone 
which is directly derived from the epithelium ; the origin of 
the dentine germ is quite distinct. 

Ill the embryonic tissue of the jaws, some little distance 
beneath the surface, and at a point corresponding to that 
ingrowth of cells end subsequent enlargement of the same 
which goes to form the enamel organ, appears the first trace 
of a dentine germ. Q) This appears as a mere increase in 
the opacity of the part, without at fii’St any visible structural 
change, and it occupies the concavity of the enamel organ. 
Thus the dentine germ appears early, indeed almost simul- 
taneously witli the formation of a definite enamel organ, but 
the enamel organ is far in advance of it in ])oint of structural 
differentiation, and the earliest changes which result in, the 
formation of the enamel organ arc strikingly visible before a 
dentine germ can be discovered. Hence it has been* sug- 
gested that the enamel organ governs and determines the 
ultimate form of the tooth. According to Ihu*sy, the dark 
halo which becomes the dentine bulb is, like the inflection 
of epithelium which forms the enamel germ, continuous fill 
round the j.iw, while eventually it develops into prominences 
at the points correspondrhg to the enamel germs of future 
teeth, and atro])hies in their intcrapaces. 

(') Tho term ‘Slental papilJa,” although eminently convenient, is asso- 
ciated with an eri'oneous feature of the older views upon tooth develop- 
ment ; where it is employed in the following pages, the student must 
guard against the misconception that free papillm at any time exist in any 
animal. 
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From the base of the dentine bulb prolongations pass out- 
ward and slightly upwards, so that they in a measure 
embrace the free edge of the enamel organ, and at a some- 
what later period they grow upwards till they fairly embrace 
the whole enamel 'Organ. 

These prolongations of the base of the dentine bulb are 
the rudiments of the dental sac. In their origin, therefore, 
the dental sac and the dentine organ are identical, and 
spring from the submucous tissue : they contrast with the 
enamel organ, which, as before said, is derived from the oral 
epithelium. 

To recapituhatc briefly the facts which arc now estaldished 
beyond fill (question, the early mammalian tooth germ con- 
sists of three parts, one of which, the enamel organ, is 
derived from the epithelium of the surface ; the other two, 
the dentine organ and the dental sac, originate in the midst 
of solid embryonic tissue at a distance from the surface \ the 
one is ecderonic or epiblastic, and the other cndcronic or 
mesoldastic. 

The enamel organ is fonned by a rapid increase of cells 
near to the bottom of a process which dips in from the 
stratum Malpighi of the oral epithelium ; the dentine gemi 
and the dental sac arc fonned in close conlnnuity to this 
enamv}! organ from the submucous tissue. 

If there were a “ basement membrane ” demonstrable in 
the mucous tissues at this early period (which there is not) 
the enamel organ and the dentine organ would lie u])on the 
opposite sides of it. 

T,hc description of the appeanince of the several parts of 
the tooth germ has brought us tb the period at which cal- 
cification first commences; but before proceeding further, 
it will be well to examine more minutely the structure of 
the several organs in which calcification takes place. 
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ENAMEL OUOAN. 

The enamel organ, as has already been stated, forms a cap- 
like investment to the dentine bulb, and it is itself thickest 
over the apex of the latter, thinning down somewhat as it 
approaches tlie base. 

It is entirely siuTounded by an epithelial layer, which 
upon the inner surface applied to the dentine bulb consists 
of much elongated columnar cells, and takes the name of 
internal epitJieLi'U'in of the mamel organ^ and upon its outer 
surface the name of external epiihelmm of the enamel organ. 
The greater bulk of the enamel organ consists of a stellate 
tissue, which passes somewhat abrui)tly through the medium 
of a layer of rounded cells, the stratum intemiedium^ into 
tlie enamel cells^ or internal epithelium. The essential portion 
of the enamel organ is this layer of “ enamel cells,” which 
by their calcification give rise to the enamel, and in lower 
animals, such as most if not all reptiles, the whole enamel 
organ is represented by little else than this layer of “ enamel 
cells.” 

The cells of the internal epithelium (enamel cells) form 
nn exceedingly regular and perfect columnar epithelium, 
the iudividual# cells becoming by result of their mutual 
api)osition very symmetrical hexagons. ■ 

They are four or five times as long as they are broad, and 
the nucleus, which is large and oval, occupies that end 
which is farthest from the dentine. It is said by Waldeyer 
that the sides of the cells only are invested by membrane, 
the protoplasm being without investment at its two ends. 

Towards the bfise of thfe dentine germ, where the internal 
epithelium merges into the external epithelium, the cells arc 
not so much elongated, and they there pass gradually into 
the cubical form of these latter cells. At their attached 
extremities the enamel cells are prolonged into processes 
which are continuous with the cells of the stratum inter- 
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mediuTii, so that it has sometimes been concluded that the 
enamel colls, as they are used up in the formation of enamel, 
are recruited from the cells of this layer. 

The “ stratum intermedium ” consists of cells intermediate 
in character between those of the bordering epithelium and 
the stellate reticulum ; they arc branched, but less conspicu- 
ously so than the stellate cells, with which on the one hand 
they are continuous, on the other with the enamel cells. 

Fig. 58 (>). 




The stellate cells proper arc characterised by the great 
length of their communicating processes, and the interspace 
of the meshes is occupied by a fluid rich in albumen, so that 
thu consistence of the whole is little more than that of jel ly 
as the structure in ipiestion constitutes the jnajor part in 
bulk .oi mammalian enamel organs, these have been called 
the enamel jellies, or enamel pulps. 

The function and destination of this portion of the enamel 
organ is not very clear : enamel can be very well formed 
without it^ as is seen amongst reptiles and flsh, and even 
in mammalia it disappears prior to the completion of the 
enamel, so that the external and internal epithelia come into 
contact. It has been supposed to have no more important 
function than to fill up the space subsequently taken up by 
the growing tooth. 

(q Cells of the stellate reticulum of the enamel organ. From Frey’s 
HUtology. ■ . 
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Tho external epithelium of the enamel organ is composed 
of cells cubical or rounded in form, and is of little interest 
save in that it is a matter of cotitroversy what becomes of 
it. Waldeycr holds to his opinion that, after the disaj)- 
pearance of the enamel pulp and the stratum intermedium, 
it becomes applied to the enamel cells, and on the comple- 
tion of the enamel becomes cornified and converted into 
Nasmyth’s membnano. Kdlliger and l.egros and Magitot 
dissent from tliis opinion, the latter stating that the atrophy 
of these cells commences early, and that they actually dis- 
a[)pear j)rior to the complete atrophy oF the organ. For 
reasons which I have given elsewhere, I do not agree with 
Waldeyer in this matter, but rather with Magitot. The 
external ei)ithclium Avas seen by Nasmyth, Huxley, and 
tluillot, but it was not very fully described until investigated 
by Robin and Magitot. 

So simple a matter as the vascularity or non-vascularity 
of the enamel organ is not yet settled : Wedl asserts that it 
contains no vessels, Magitot and Legros sharing this opinion ; 
Xavier Sudduth has failed uniformly to detect vessels in it, 
but Dr, Lionel Beale, on the other hand, states that a 
vjiscular network lies in the stratum intermedium, sind 
this is confirrved by Ih'ofessor Howes and Mr. Poulton in 
the rat. ’ ^ 

The inner surface of the enamel organ, where it is applied 
to the dentine bulb, presents a perfectly smooth outline, but 
its outer surface is indented by numerous papillary projec- 
tions, into which enter blood vessels of the dental sacculus. 
These papilla) are homologous with, and continuous with 
those of the gum ; they Aay sometimes be traced along the 
neck of the enamel germ, and it is believed that they 
exercise an important influence on the formation of the 
enamel, to which 1 shall again recur ; but their existence is 
denied by Dr. Sudduth during the active period of the 
organ. 
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The narrow attenuated line of cells by which the enamel 
organ retains its connection with the stratum Malpighi, 
whence it was derived, varies much in length and direction 
in different animals ; in man it is short and straight ; in 
the calf it is larger, and undulates in its course. It does 
not remain quite that simple line of cells of which it 
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consisted when first formed, but varicosities, made up of, 
poijdicdral cells, bud out from it. At the same time tliis 
connecting bridge of cells, known as the necltf'of the enamel 
orgafi, becomes perforated irregularly, as also does the tooth 
band in the interspaces between the tooth germs. 

As the tooth band thus gets perforated and broken up, it 
is easy to see how portions of isolated epithelium may 
remain, and possibly give rise to such irregularities as 
supprnumerary .teeth, odontomes, «fec. 

•Malassez insists much upon thd' significance of remnants 
of epithelium left after the atrophy of the enamel organ ; 
some of these he believes that he has found in the alveolo- 

(*) Dental germ of temporary tooth of an ArmaclilJo, showing its enamel 
organ, and the tooth hand, already showing signs of enlargement for the 
successional i)ermanent tooth to the left of it. 
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deiitar membrane. This is confirmed, as to developing teeth, 
by Von Brunn, Archiv f. Mik. Anat., Bd. xxix., who states 
that in rodents the enamel organ extends far down, in fact, 
the whole length of the roots, and figures the fibres of the 
alveolo-dentar periosteum as growing through it to take 
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hold of the ceinoiitum ; it seems possible that these pells 
arc the same A’hich arc by Dr. Xavier Sudduth held to be 
portions of a lymphatic system. 

The origin of the dental germs of tlie permanent teeth 
remains to be described : it being usually said that the 
twenty teeth whicli have deciduous predecessors are derived 
from parts of the germs of these, the twelve true molars 
having a distinct origin. , 

It has been usual to ddfecribe the germ of the successional (*) 

(*) From the upper jaw of a kitten about the time of birth, a. Oral 
cxjiihelium. &. Hone of jaw. • c. Neck of enamel drgan. d. Dentine 
papilla. (?. Enamel cellw. /. Stellate reticulum, h. Tooth germ of the 
permanent tooth. This seetion does not show the iclatioiis of the per- 
manent tooth germs to the tooth band very well. 
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tooth as being budded off from the neck of the enamel 
organ of the milk tooth, but recent researches, especially 
those of Kose, have made it clear that this form of expres* 
sion conveys a somewhat incorrect idea of what really 
happens. 

At about the seventeenth week the general tooth band 
still persists and has gix)Avn past the points at which the 
enamel germs of the temporary teeth are still connected 
with it, although it is beginning to bo perforated, and to 
show signs of atrophy in many places. At certain points, 
namely, to the inner sides of those milk teeth which are to 
have permanent successors, it not only undergoes no atrophy, 
but it ] proliferates, and the same series of changes resulting 
in the formation of an enamel organ take place which have 
already been described in reference to the first teeth. 

It will be seen, then, that the permanent tooth germ is 
not derived from any portion of that of the temporary 
tooth, but rather they each have the same relation to the 
primary tooth band, the one arising at a later period'^and 
from a deeper portion of that structure. 

This applies with sufficient accuracy, for all practical 
I)iirposes, to all of the milk teeth and to their successors ; 
but behind them the first, second, and thk*d permanent 
molars* are provided for somewhat differently : for behind 
the last temporary molar germ the tooth band grows back- 
wards and dips more dee])ly into the substance of the 
tissues ; then it loses that continuity with the surface 
epithelium Avhich it had retained all round the rest of the 
ja>v, and now presents itself as a free plate of epithelium only 
connected with that of the surface in front, in the neighbour- 
hood of the last temporary molar, the connecting bridge 
already beginning to be perforated. From the tooth band 
thus situated, the germ of the firat permanent molar is 
developed in the same fashion as those hitherto deseribed ; 
then the tooth band, w'hich up to this time extended but 
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little behind the region of the first molar, grows on back- 
wards and in their turn forms tlie enamel germs for the 
second and third molars. It will be noticed that in the 
case of these three teeth any descri])tion of their enamel 
germs as originating from those of the tcmi)orary molars 
would be especially incorrect. 

^riie accom})anying figure represents the tooth baud for 
tlie permanent molar dipping down into the substance of the 
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back of the jaw. Many differences of detail, such as tlje 
point at wliich they arise, the depth to which they peneti’atc 
into tlie surrounding parts, and other such characteristics, 
exist not only between the germs of teeth of ditferent 
animals, but even between those of teeth situated in different 
parts of the juouth of the same animal, so that but. litth' 
importance is to be attached to them. 

I am indebted to Mr. J. Andrew for the jdiotograiph of 
this section taken from the up])er jaw of a fcotus four or 
five months old, which shows the origin of the germ of the 
six-year molar well. 

At the right-hand side of the figure is seen the germ of 
the first temporary molar, next that of the second temporary 

(b From upper jaw of human fmtus. a. Ikiul and germ for six -year 
periituneiit molar, h. Germ of second temporary molar, c. (ierm of first 
temporary molar. . 
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molar, whilst beyond this is the enamel organ of the six- 
year permanent molar. 

Jleyoiid this again Avill be given off the germ for the 
second molar, and behind that the germ for the wisdom 
tooth. 

TJie germ of the second permanent molar is believed to 
originate about the third month after birth, whilst the 
enamel germ of the wisdom tooth succeeds after a much 
longer interval, i.e,^ about the third year (Magitot). 

Before leaving the subject of the enamel organ, it may be 
mentioned that several wi*iters, notabl}" Von Briiini (Archiv 
f. Mikros. Anat., 1887) and Ballovitz (Arch. f. Mik. 
Anat. Bd. xl.), liold tliat the primary function of the 
enamel organ is that of determinining the form of the 
future tooth; even going so far as to suggest that its calcifi- 
cation with enamel in some animals is a secondary function, 
taken on later. In support of this contention they urge 
that enamel organs are universal, even where no enamel is 
found : and that in teeth where tliere is a partial investment 
of enamel on the ivory the enamel organ extends far beyond 
the enamel limits. 

•^loreover, they trace extensions of tlie enamel organ right 
down to the bottom of the roots in those teeth where the 
whole crown is invested with enamel, the Connective tissue 
of the alveolo-dental ])eriosteum growing through it to get 
attacliment to the root, so that it finally comes to be found 
as isolated i)ieces. Indeetl, Von Brunn says that it is to be 
traced betw^een the roots of a thrcc-rootcd tooth, so tliat 
it iTiay be compared to something enveloping a three-legged 
stool, creeping round its edges, fts under-side, and finally 
growing down as an envelope to each leg. Thus he holds 
that everywhere where dentine is to be found there is an 
antecedent “foim building’’ investment of enamel organ ; 
and to this, and not to any retrogression, he would attribute 
the enamel organ of Edentata. 
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DjiiNTINE OilGAN. 

The dentine germ, or dentine bulb, of which the origin 
has been already described, at first was notliiiig more than 
a part of the myxomatous tissue of the jaw which had 
become more rich in vessels and cells than other neighbour- 
ing parts, but which did not present any stnicturcs essentii- 
ally different from those found around it. It very speedily 


Fig. 62 (>). 



assumes tlic form of the apex of the future tooth, becoming, 
if it be a canine, simply conictal, if a tooth witli two cusps, 
bicuspid ; and coincideutly w’ith these changes the layer of 
cells forming its surface, *vhich is in close delation witli tlie 
enamel cells, becomes differentiated from the parts beneath it. 

(^) Tooth sac of a calf. a. Tooth sac. a-. Its outer and middle 
portions, h. Stellate cells of enamel organ, c. External epitlieliiim of 
enamel organ, d. Internal epithelium of enamel organ, e. Odontoblasts. 
/. Dentine bulb or papilla, fj. Vessels in dentine bulb, i. Points where 
the sac becomes fused with the base of the dentine papilla. 
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These cells, vvhicli are largely concerned in the formation 
of the dentine, form a very distinct layer, which, after the 
commencement of calcification, adheres more strongly to the 
formed cap of dentine than to the rest of the pulp, and so is 
often pulled away Avith the former when the two are 
separated ; hence this layer of cells has obtained the name 
of “ mombrana oboi is,” or membrane of the ivory ; but the 
student must beware of falling into the mistake of supposing 
that it really is a “ membrane ” properh' so called. 

Before entering ui)on a detailed description of the trans- 
formation Avhich the various cells undergo in their con- 
version into enamel, dentine, or cemeiitum, it Avill not be 
out of place to say a few words relative to the jn-ocess ol’ 
calcification generally. 

But before doing so it may perhaps assist the student, who may 
be perplexed in endeavouring to reconcile the statements of various 
authors, to give a succinct history of the vicAvs from time to tinn* 
set forth (i). 

Before tlic time of Coodsir (1838), the development of the teeth 
was described by RaschkoAv .somcAvhat vaguclyas proceeding iindcr- 
iicath the mucous membrane : he did not, however, trace out in 
what precise manner the several parts of the tooth germ originated. 
'Hu* papers of Goodsir giving, in the place of somewhat vague and 
goweral notions, a very definite and intelligible descrii)tion of ob- 
.servations, was accepted without question by most anatomists, if 
not by .all. Accordingly w'e find in all the text-l)ohks at and after 
that period, and in some even at the present day, the description 
given by Gootlsir reproduced almost w'ithout alteration, so that it 
will be worth while to briefly relate what his views were. 

He believed that at an early period in fcetal life there a^tpeared 
a continuous open groove, running round the whole circumference 
of the jaws : that from the bottom of this groove there arose i.so- 
lated and uncovered painllie, conx^sponding in number to the milk 
teeth ; that these papillai became covered in by the deepening of 
the groove and the meeting of its two^^dges over their tops, whilst 
at tlie same time transverse sejita Avere formed, so that the several 
papillm became enclosed in their own separate follicles. With the 
details of the i)rocess as described by him we are not concerned ; it 

(*) After the present summary had been partly ijrcparetl, the author 
met with the very excellent given by Messrs. Legros and Magitot, 

from which he has received much assistance. 
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will sullice to remember that he distinj^uished the four stages : 
a primitive dental groove, a papillary stage, a follicular stage, 
and an cruxitive stage (the latter of course at a long subsequent 
period). 

Xot only wore these views accepted quite without question, but 
they were even extciiided to explain the development of the teeth 
in Meptiles and Fislujs, and thus in the Odontographies of Professor 
Owen and Professor Giebel may be found accounts of the develop- 
ment of the teeth in reptiles and fish which are perfectly in accor<l 
with Goodsir’s theory, but which in fact are far more inaccurate 
than the same theories were as applied to mammalian teeth. 

Even so careful a writer as Professor Huxley, who was the first 
to point out that these stages really did not exist cither in the frog, 
the mackerel, oi* certain other fish, accepted them without question 
as true of mammalia. Marcusen (‘) (1819) gave upon the whole a 
correct account of the process, referring the enamel to the oral epi- 
thelium, and Professor Huxley (184)1), whilst demonstrating that 
the stage of free papilla) w'as not to be found in certain fish an<l 
rei)tiles (a fact also made out in the newt by Dr. Beale), clearly and 
.strongly expressed the same view as to the origin of the enamel 
organ, and hence of the enamel. And whilst regretting that their 
hold upon the minds of anatomists has been so strong as to en- 
courage deductions therefrom going wider and wider of the mark, f 
would not be understood to set small value upon the observations 
of Arnold and Goodsir. 'J'hey W'ere a great step in advance, and 
were as accurate as the methods of investigation then in use would 
allow of : moreover, tlic error in observation is very ea.sy to account 
for, the epithelium having peeled off as a result of decomposition, 
or the use of weak sjarit, the state of things left does not widely 
differ from that described by Goodsir. 

The subject r^ted for many years without further advances, but 
in ISG3 Professor Kdllikcr demonstrated, beyond all cavil, the real 
origin of the enamel organ and its relations to the oral epithcHum. 
the dentine organ, and the dental sac. 

His views, substantially correct, have been elaborated by AVal- 
deyer, Kollmann, Hertz, Legros and Magitot. Wedl, and others, but 
only in minor particulars have they been modified. 

The development of the teeth of reptih)s Avas found by a pupil of 
.\r. Kdlliker, M. Santi Sirena, to have several features in accord 
with that of mammalian teeth ; my own reseju'chea on the teeth of 
Batrachia and Fish and lleptfles, elsewhere <lctailed, have proved a 
striking general similarity in the process throughout the vertebrate 
kingdom. 

(^) In the res given by Mcssi-s, Legros and Magitot, before referred 
to, due credit is not given to the papers of Marcusen and Huxley (1849, 
1854) (although they arc alluded to), and it appears to me that too much 
is given to that of Natalis Guillot (18.58). 
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Dental Follicle. -In the foregoing account little mention 
has been made of the tooth follicle or tissue forming a 
capsule-like investment around the dentine germ and enamel 
organ. At an early period of development the tissue form- 
ing the dentine papilla of a mammalian tooth is seen to be 
prolonged outwards and ii[)ward8 from its base (see h in 
Kig. hb) ; these processes appear to grow rapidly upwards, 
so as to embrace the enamel organ ; but whether this is 
really so, or whether it is merely that tlic ill-defined tissue 
in ^^hich the dentine forming organ has itself originated is 
ill this region also becoming more pronounced, it is hard to 
say ; probably the latter is the more true. This up-growth 
from the base of the dentine papilla is the first appearance 
of a special dental sacculus, which is thus derived from 
sources identical with that of the formative organ of the 
dentine. 

While these changes are going on, the tooth sac is 
becoming lodged in a widely open gutter of bone, which is 
being rapidly formed at its sides and under its base. If at 
this stage (see Fig. 63) the gum be stripped off the jaws, 
the developing tooth capsules arc torn ofi’ with it, and arc 
inepparable from it except by actual cutting, thus leaving 
the g^utter of bone ([uite bare and ernptyv In fact the 
capsule or sac which encloses the tooth germ consists of 
almost the whole of the connective tissue which intervenes 
between the special dentine and enamel germs and the bone, 
which latter is originating deep in the tissues and indc])cn 
dently of the periosteum, wdiich is not yet differentiated. 

In the first instance the follicle w all is only distinguished 
from the connective tissue extemS.1 to it by being somewhat 
richer in cells, vessels, and fibrillar elements ; being, in fact, 
more condensed or more compact. The sacs, wdien at their 
fullest development, are divisible into two layers, an outer 
thin firm wall, and an inner looser tissue, not very dense. 
At the base of the tooth sac, the follicle wall is not separable 




0) Transverse Section of the LowIr Jaw anu DEVEhOPiNrs Back Ti^otii hf a Lamb, 
copied from Waldeyer (ffoiilc’s Zeilschrift t. Hat. Med. 1S<)5). Jn its outlines the figure is 
faithful to nature. ; it is su fardingrammatic that more of structure than could be seen with the 
magnifying power employed is introduced. 

1. Dentine germ, with its border of ndoiitoblasts. 2. Fonned rientiiie. 3. Formed enamel. 
4. Points where the inner epithelium and the outer epithelium of the enamel become 
continuous. 5. Knamcl colls or internal epithelium, (i. External epithelium of enamel 
organ. 7. Stellate reticulum of enamel organ. 8. l^pillary projections into the enamel 
organ. P. Connective tissue ai-ound the sac, becoming continuous above with that of the 
gum (Du) ; this constitutes what is called the tooth sac. 10. Vessels and nerves of the 
jaw. 11. Bone of lower jaw. 12. Periosteum of the jaw. l.‘i. Heap of epithelium over 
the young tooth. 14. External skin with its epidermis. 10. Muscular bundles from floor 
of mouth. 
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nor distinguishable from the base of the dentine ])apilla 
with wliieli it blends. Tlie follicle wall is richly vnscular ; 
and over the surface of the enamel organ it is prolonged 
inwards in the form of villous or papilliform eminences (8 in 
Fig. ])r()jcoting into the external epithelium of the 
enamel organ ; to tliese prominences, which are analogous 
to tlie papilhe on the free surface of the gum, some authors 
attach much im|)ortance, as having an influence upon the 
direction of the enamel prisms, and so regulating the pattern 
formed ; but this view is b}' no means universally accepted. 
The internal or softer and looser portion of the follicle wall, 
which has a consist cnc}" but little firmer than that of the 
stellate reticulum of the enamel organ, is nnich developed 
in Uuminants, where there is to be a (le))ositiou of coronal 
cement. This differentiation of a portion of the dental sac 
is thought by Messrs. Legi*os, Kobin, and ^lagitot to be 
snfticiently pronounced to justify its designation as a distinct 
“ cement organ.” 


dhii’: Ckmbnt OitOAX. 

( ■einentuni is, according to tliese authors, developed, just 
as bone is, in two distinct methods. 

Where it is not to be very thick, and is to clothe roots, 
the ossification tekes place in membrane (the alveolo-dentar 
periosteum), but where it is to form a thick layer over the 
crown, as in Uuminants, a cartilaginous cement organ is 
formed, and we have a calcification analogous to formation 
of bone in cartilage. 

Thus the cement organ is found in those animals only 
which have coronal cement, such as the llcrliivora. In a 
calf embryo about the time that dentine calcification is 
commenced, there may be distinguished beneath the follicle 
wall and above the enamel organ a greyish layer of tissue 
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thick enough to be distinguishable with the naked eye, and 
of firmer consistence than the enamel organ, from which it 
also diflers in being richly vascular. 

But though it exists at this early period, it is not till 
later, when, after the completion of the dentine and enamel 
immcdiiitely beneath it, its own function is about to come 


Fia. G4 (*). 



intp'play, that it attains to its characteristic structure. 
This M. Magitot designates as fibro- cartilaginous, as there 
appear in it characteristic cartilage cells or chondroplasts, 
containing one, two, or rarely three cells, which have 
spherical or ovoid nuclei. 

Ill those creatures which have cementum upon the roots 
of the teeth only, no special cement organ exists, but osteo- 
blasts which calcify into cementum are furnished by the 
tooth sac. 

It is said that the inner layer of the tooth sac is concerned 

(*) Cement organ of a calf (after Magitot). a. Fibroid matrix, h. 
Cartilage cells and capsules. 
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ill the formation of the cement ; that the outer layer, con- 
jointly with the surrounding connective tissue, is converted 
into the alveolo-dentar periosteum, but I cannot myself 
recognise the justice of this distinction in practice. In 
human teeth the parts of the follicle wall or sac cease to be 
distinctly distinguishable at a comparatively early period, 
and their importance is not such as to call for very detailed 
description. 

Another structure, once thought iiiiportaiit, and now 
known to be a mere bundle of dense fibrous tissue, is the 
The ])cnnanent tooth sacs, during their 
growth, have become invested by a bony shell, which is 
complete, save at a point near their apices, whei'c there is a 
foramen. ^Mirongh this foramen passes a thin fibrous cord, 
very conspicuous when the surrounding bone is broken 
away, which is called the (/nbej'naculwn” from the notions 
entertained by the older anatomists that it was concerned 
in directing or effecting the eruption of the tooth. The 
gubernacula of the front permanent tooth sacs perforate 
the alveolus and blend wdth the gum behind the necks of 
the corresponding milk teeth ; those of the bicuspids uniting 
with the periosteum of the alveoli of their deciduous 
predecessors. > 
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CALCIFICATION. 

A j’ ISSUE is said to be “ calcified ” when the organic struc- 
tures of whicli it is comiiosed arc hardened and stiffened by 
impregnation witli salts of lime. The irn^iregnation with 
lime salt may go on so far that the residual organic matrix, 
is reduced to a very small proportion, as is exemidified in 
tlie case of adult enamel, in which the organic constituents 
make up only from one to three per cent, of the whole, so 
that ])ractically the enamel wholly disappears under the 
infiuence of an acid ; or the organic matrix may persist in 
sufficient quantity to retain its structural characteristics 
after the removal by solution in an acid of its salts, as is 
the case with dentine, bone, and cementum. 1’here are 
two ways in which a calcified structure may l)e built up : 
thofone by the deposition of the salts in the very substance 
of a formative organ, which thus become actu^dly converted 
into the calcified structure ; the other by a formative organ 
shedding out from its surface both the organic and inorganic 
constituents, and thus, so to speak, excreting the resultant 
tissue. 

An example of the latter method is to be found in the 
sheHs of many piollusks, in which the mantle secretes the 
shell, and is able to repair fractures in it, without itself 
undergoing any apparent alteration ; while the formation of 
dentine, bone, and enamel (*) arc examples of calcification 
by conversion. 

(^) All observers are not, however, agreed as to the formation of the 
enamel. 



CALCIFICATION 


141 


The insoluble salts of lime are altered in their behaviour 
by association with organic compounds, a fiict which was 
first pointed out by Rainie, and has been more recently 
worked out by Rrofessor Harting and. Dr. Ord. 

If a solution of a soluble salt of lime be slowly mixed 
with another solution capable of precipitating the lime, the 
resultant lime salt will go down as an amorphous powder^ 
or, under some circumstances, in minute crystals. Ihit in 
tlic presence of gelatine, albumen, and many otliei* organic 
compounds, the form and physical character of the lime 
salts are materially altei’od, and in the place of an amorphous 
powder there are found various curious but definite forms, 
(|uitc unlike the character of crystals produced without the 
intervention of the organic substance. 

Mr, Rainie found that if calcium carbonate l)e slowly 
Ibrincd in a tliick solution of mucilage or albumen the re- 
sultant salt is in the form of globules, laminated in 
structure, so that the globules maybe likened to tiny onions; 
these globules, when in contact, becoming agglomerated into 
a single laminated mass, it appearing as if the lamimc in 
immediate ai)])Osition blended with one another. Globular 
masses, at one time of mulberry-like form, lose the individ,u- 
ality of their » constituent smaller globules, and become 
smoothed down into a single mass; and Mr. Kainie suggests 
as an explanation of the laminated structure that the smallei- 
masses have accumulated in concentric layers which have 
subsequently coalesced; and in the substitution of the 
globular for the amorphous or crystalline form in the salt of 
lime when in contact with various organic substances. 
Mr. Rainie claimed to find' tlic clue for the explanation of 
tlie development of shells, teeth, and bone. At this point 
Professor Harting took up the investigation, and found that 
other salts of lime would behave in a similar iminner, and 
that by modifying the condition of tlie ex|)erimcnt very 
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various forms (^) might be produced. But the most im- 
portant addition to our knoAvledge made by Professor 
Harting lay in the very peculiar constitution of the “ calco- 
spherites,” by which name lie designated the globular forms 
seen and described by Kaiiiie. That these arc built up of 
concentric lamiiue like an onion has already been mentioned, 
Mild Mr. Ibiiiiic was aware that albumen actually entered 
into the composition of the globule, since it retained its form 
oven after the application of acid. 

But Professor Halting has shown that the albumen left 
behind after the treatment of a calcos])herite with acid is 
no longer ordinary albumen ; it is profoundly modified, and 
has become exceedingly resistant to the action of acids, 
alkalies, and boiling water, and in fact resembles chitine, the 
substance of which the hard skins of insects consist, rather 
than any other body, 

Kor this inodiHcd albumen he pro|)Oses the name of 
“ calcoglobulin,'^ as it a])])ears that tlie lime is held in some 
sort of chemical cond)ination, for the last traces of lime are 
retained very obstinately when calcoglobulin is submitted to 
the action of acids. 

i)’he “ calcos])horite,” then, has a true matrix of calco 
globulin, which is capable of retaining its form and structure 
after the removal of the great bulk of the lime. 

Now it is a very suggestive fact tliat in the investigation 
of calcification we constantly meet with structures remark- 
able for their indestructibility : for example, if w e destroy 
the dentine by the action of very strong acids, or by 
vaviously contrived jirocesses of decalcification, ])utrefaction, 
ike., there remains behind a tangled mass of tubes, the 
“dentinal sheaths” of Neumann, which are really the 
immediate walls of the dentinal tubes. 

Or if bone be disintegrated by certain methods there 

(^) Thus he was successful in artificially producing *■ duiuh-hell ” 
crystals. 
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remain behind large tubes, found to be the linings of the 
haversian canals (Kdlliker), and small rounded bodies, 
recognisable as isolated lacuiim ; and in the cuticiila dentis 
we have another excellent example of this peculiarly iiide- 
strActible tissue. 

In point of fact, as will be better seen after the develop- 
ment of the dental tissue has been more fully described, on 
the borderland of calcification, between the completed fully 
calcified tissue and the formative matrix as yet unimpreg- 
nated with lime, there very constantly exists a stratum of 
tissue Avhich in its physical and chemical properties veiy 
much resembles “ calcoglobulin.” 

It sliould also be noted that globular spherical forms are 
very constantly to bo seen at the edges of the thin cap of 
forming dentine, and may be also traced in and around the 
interglobular sjjaces (see Fig. If^); moreover, isolated 
spherules of lime salt have been described by Messrs. Jvobin 
and Magitot as occurring abundantly in the young pulps of 
human teeth, as well as those in the herbivora, where their 
presence was noted hy Heiile ; perhaps all defiosit of lime 
salts commences in this Avay. 


(1au:ification of tuk KNAAiEr,. 

Although the calcification of the dentine commences 
before that of the enamel, it Avill be convenient to describe 
that of the enamel first, as being a somewhat simpler and 
more easil}" intelligible process. 

As has already been mentioned, I am distinctly of o[)in ion 
that the enamel is formed by the actual conversion of the 
cells of the enamel organ into enamel, but as this view is 
not held by all Avho have written upon the subject, I will 
first mention the alternative theory, namely, that the enamel 
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is ill some sense secreted or shed out by these cells. In 
support of this latter theory the names of no less authorities 
than Professor Huxley, Kdllikcr, Wenzel, and Magitot, may 
be adduced, but the grounds on which their decisions are 
based are appearances susceptible of a different interpreta- 
tion. Kiilliker considers that the cells do not undergo any 
direct conversion, but tiiat the enamel is shed out from thi' 
ends of the enamel cells, the enamel libies therefore coire- 
sponding in size and being continuous with the enamel cells 
wlicncc they were shed out. 

The cells would thus elaborate, and so to speak, plaster 
on from their free ends the material in question upon the 
already formed enamel, they themselves retaining tlieir own 
integrity. In siqiport of this view may be citeil the close 
resemblance in the resvdtant products in the case of enamel, 
and of the shells of certain mollusks, say, for example, Pinna. 
In the case of the jnollusk the shell is formed intermittently 
iiy the margins of the mantle, which are closely applied to 
it, but are at any time separable, so that it is difficult to 
suppose that any conversion of its constituent cells can take 
place ; but it would rather seem certain that something 
must be shed out from their cuds, which is hardened by the 
<leposition in or with it of lime sidts. The hell of Pinna 
contaiks so large an .amount of organic matter that its struc- 
ture is retained even after the removal of the lime by means 
of an acid, and it is conceived th.at the cells of the mantle 
are at work, like so many bees plastering wax upon a honey- 
comb, elaborating and plastering on their products so that 
each one builds on to its own prism and retains for this its 
individuality. 

But whether the enamel cells manufacture something 
which they shed off their ends, or are themselves converted 
into hard tissue by the deposition of lime within their own 
substance, no one doubts that they preside over the process, 
and determine the form of the result. 
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Professor Huxley's reason for doubting the direct con- 
version of the enamel cells into enamel was that a membrane 
could be raised from the surface of growing enamel, at any 
period of its development, by the use of acid reagents, this, 
membrane necessarily intervening between the formed 
enamel and the enamel cells ; hence he denied that the 
enamel organ contributed in any way directly, though if 
might indirectly, to the development of the enamel. 

To the nature of this “membrane” I shall have again to 
refer, so that for the present it will suffice to say that the- 
structure in (piestion cannot 1)C demonstrated, and in hict 
has probably no existence, prior to the use of the reagent. 

The cells of the internal epithelium of the enamel organ 
or enamel cells have been already in some measure de- 
scribed : they are elongated colls, forming a very regular 
columnar ejntholiiun, and are hence rendered hexagonal hy 
mutual apposition ; they vary in their length and diameter 
in different animals. 

To secure uniformity of nomenclature, the name amclo- 
blast has recently been proposed for them, as being better 
comparable with the terms odontoblast and osteoblast. 

Although they arc connected with the cells of the stratum 
intermedium b.y a process at their base, they often adhere- 
more strongly to the enamel, when once this has begup to 
be formed, than to the rest of the enamel organ, so that 
when a dental sac is opened the enamel cells arc most easily 
obtained by scraping the surface of the enamel. The cells 
thus tom away often have tapering processes at the ends, 
directed towards the enamel, which were first described by 
my father, and go by the rjame of “ Tomes' processes.” Ae 
cells are also slightly enlarged at these extremities, especially 
if they have been immersed in glycerine or any such fluid 
which causes their shrinkage, for this end of the cell having 
received a partial impregnation with lime salt at its peri- 
phery, and so being rigid, is unable to contract with the rest 

L 
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of the cell. These enlarged, everted ends often show a very 
sharp contour, their trumpet-like mouths tending to confirm 
the statement of Waldeyer, that the protoplasm of the cell 

Fj«. (5.5 (*). 

i 


is not covered by moml>rane at its ends. The ends of the 
enamel cells near to the formed eimniel are granular, this 
granulosity being due to the dc]JOsition there of calcareous 
j)articles, as is indicated by its clearing up when treated with 
dilute acids. The impregnation with calcareous salts coni- 

Fig. 66 (2). 

mences at the free end of the enamel cell, and at the peri- 
phery before the central portion, and it is to this fact that 
the existence of “ Tomes* processes ” is due, for when the 
enamel cell is dragged away from the formed enamel prism, 
it separates across the line of calcification ; and thus the 
axial part of the cell, when torn away, projects out further 
than its peripher}’, in consequence of calcification having 
extended less far at this central portion of the coll. 

(b Enamel cell8 with Tomes’ processes. 

(‘■) Enamel cells ; the two on the right have been shnmk by immersion 
in glycerine, and present the open trurnpet-sliaped ends described in the 
text. 
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In other words, if the forming enamel were freed from the 
adlierent enamel cells, its surface would be pitted, each little 
pit marking the centre of an enamel prism ; and if a thin 
section of this immediate surface could be taken off, it would 
be pierced with holes at regular intervals. 

The enamel cell with its process is like an odontoblast with 
a very short dentinal fibril, which has been pulled out of tho 
formed dentine, and the nature of the “ Tomes’ processes ” is 
well illustrated in the enamel organs of marsupials. It 
w ill be remembered that their enamel is ])ermcated by a 
large number of canals, which become continuous at the 
junction of the dentine and enamel, with the dentinal tubes. 
Accordingly the enamel cell of a marsupial, engaged in the 
formation of a permanently tubular enamel, is just like an 
odontoblast in that it has a long, fine process, pulled out of 
the already formed enamel. 

As the youngest part of the enamel has by no means 
attained to its full hardness, it is ([uite possible to obtain, in 
small pieces, sections parallel to its surface ; tho nearer they 
are to the surface, the larger will be the perforations, show- 
ing what has already been stated respecting calcification 
commencing at the ijeriphery of each cell to be true. -Vjid 
it is possible, by the use of an acid, to obtain such sections 
upon a larger scale, for under the influence of such a reagent, 
this youngest layer of the enamel sometimes peels off in a 
sheet, bringing with it in places enamel cells, in places 
enamel prisms, adhering to its opposite sides. AVhen 
destitute of adherent enamel cells or prisms, this so-called 
membrane is foraminated ; and the processes of the eijds 
of the enamel cells w'cre fitted into and passed through these 
perforations. 

The real nature of the membrane which could be raised 
from the surface of growing enamel was first demonstrated 
by my father, and his explanation had been accepted by 
Waldeyer and otlier authorities ; it will be seen that this 
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sheet, produced solely by the destructive action of reagents^ 
corresponds with the mcmbrjina prcformativa of some writers, 
(see page 171), and with the membrane described by Pro- 
fessor Huxley as intervening between the enamel cells and 
the enamel. Hence it will be seen that the fact of acids 
raising a membrane from the surface of the enamel does not 
really militate against the theory that the enamel is. 
due to the direct conversion of the enamel cells into 
enamel. 

The cells on the other side of the membrane readily separate 
from one another, adhering, however, slightly by tlieir 
dilated ends {vide supra), and the fact that we are able to- 
isolate the 3 ’oungest layer of enamel as a thin sheet is. 
probably to be explained by its chemical nature. It appears 
to belong to that class of peculiarly resistant substances, 
which arc to be found on the borders of calcification, and 
behaves veiy much like Professor Harting’s “ calcoglobulin 
(see page 1 42) ; at all events it may safely be said to have 
undergone some chemical change preiiaratory to the recep- 
tion of its full amount of lime salts. 

The calcification of the enamel should be so complete 
that its fibrous structure is but slightly apparent in longi- 
tudinal sections, and the individual fibres should appeal- 
structureless, with the exception of the feebly marked 
striation (see page 17). In enamel of imperfect structural 
character the centre of the fibre is not completely calcified^ 
the arrest of development having taken place short of its. 
full conversion. 

Hose, however, takes a somewhat diflcrent view of the* 
process ; he describes the young enamel as like a honey- 
comb, with “ Tomes^ processes ” in the cells of the honey- 
comb. He considers that young enamel, like young dentine,, 
has an organic matrix fairly rich in lime salts, but as 3 "ct not 
by any means fulh* calcified, and that the lime salts are first 
deposited fully in the “ Tomes' processes," so that at a cer- 
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tain stage young enamel consists of thin prisms (calcification 
in “ Tomes* processes **) with a large amount of interpris- 
matic substance ; the prisms then thicken, so that finally 
there is a mere trace of cement substance between tlicm. 

In a recent pa])er, Andrews {International Dental Journal, 
1893) puts forward an idea also promulgated, with slight 

Fr«. 67 (>). 



diftbrcnces, by Professor Spec. The granules in the cnaincl 
cells, already well known to be calcarcoTis, he describes as 
always spherical, and attributes to them an important role 
in the building of enamel. These little beads, more 
numerous at the free ends of the cells, enlarge and coalesce, 
merging then into the formed enamel substance. 

(*) Transverse section of the tooth sac of a poisjn fjftig (Viper). The 
crescentic pulp («) is surrounded by a layer of dentine (rf) ; external to 
this is a layer of columnar enamel cells, wliich, upon the exterior of the 
tooth, upon which a thin layer of enamel is to be formed, are large con- 
spicuous cells. Where they pass in between the horns of the crescent, 

into that part which will ultimately be the poison canal, their character 
is lost, and their place taken by stellate cells (/). No enamel is formed 
in this latter position. 
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Dr. Andrews believes also that he has seen indication of a 
fibrous substance on and in which enamel salts arc deposited. 
So that this, like so many of the questions of tooth develop- 
ment, is by no means finall}' settled. 

The stellate tissue of the enamel organ disappears long 
before the whole thickness of the enamel is formed, and 
•changes go on in the latter up to the time of the eruption 
of the tooth ; the enamel of a tooth prior to its eruption 
having a chalky, opaque surface. 

The enamel of the teeth of reptiles is developed from an 
enamel organ which at no time possesses a stellate tissue ; 
this is also the case in all fish which I have hitherto 
examined. Jn the poison fangs of snakes tlic enamel cells 
over the interior of the poison tube, where no enamel exists, 
appeared to be transformed into a stellate reticulum, which 
change in this case would apjiear to bo a retrograde 
metamorphosis. 

The nuclei of the enamel cells, which lie at the extremities 
furthest from the enamel, a])pear to recede as calcification 
goes on ; they do not exercise any special influence on the 
process as far as can be seen. 

‘As has been already mentioned, Kdlliker dissents from the above 
account of the calcification of the enamel, patCly on the ground 
tb%t \jnamel cells may be seen of the same size and form at all 
stages of the formation of enamel. 

The process he regards as one of secretion, the enamel being shed 
out, so to speak, from the free end of each enamel cell ; hence the 
prisms of the enamel will correspond in size and number with the 
cells of the enamel epithelium ; the i)rocesse8 of the enamel cells 
he regards as being fragments of this hardened secretion which are 
still clinging to the parent cell. 

*M. Magitot (tToumal de 1’ Anatomies de M. Ch. Bobin, 1870) revived 
this view, describing each cell as terminated, towards the forming 
enamel, by a little plate of dense material through which by some 
process of exosmosis the constituents of enamel travel out. He 
notes that these plates often cohere so as to form a sheet, but says 
nothing of their being perforated. No one. however, who had seen 
the enamel cell of a marsupial with the tapering process five 
or six times as long as itself which had been pulled out of the 
young enamel would be satisfied with the excretion theory. 
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The reasons for adopting the opposite view will have been 
gathered from the text ; they are, in brief, the occurrence of the 
“ Tomes’ processes,” especially in mai'supials ; the rigidity of the 
open mouths of the enamel cells ; the pitted surface of the youngest 
layer of enamel, the foraminated membrane which can be raised 
from it, and the relation of these facts to the occurrence of the 
processes of the enamel cells. 

Schwann believed that the enamel cell was constantly increasing 
at its free end (/y\, that next to the enamel), and that the new 
growth, or youngest part of the cell, is calcified as fast as it is 
formed ; this view differs little from that of Kolliker, who prefers 
to express it by saying that this end of the cell is constantly shed- 
ding off or secreting a material which becomes cxtcraal to itself. 
My father, Waldeyer, Hertz, and many others, believe that the cell 
growth takes place not at this free end. but at the attached nucle- 
ated end, and that it is the oldest portion of the cell itself which 
receives an impregnation with salts and forms the enamel. 

Professor Huxley’s opinion (page 14S) is, I take it, based on the 
fact that a membrane could be raised from the surface of young 
enamel, which must have intervened between the enamel cells and 
the enamel prisms ; if my father’s explanation of the nature of this 
membrane be accepted, the difficulty vanishes. 

My own researches upon the development of the teeth of fishes 
also furnish evidence tending in the same direction ; as has been 
already mentioned, the enamel cells in some parts of the enamel 
organs of certain fish, such as the eel and perch, and certain 
Batrachia, the newt, have dimensions very greatly exceeding 
those of the cells in the remainder of the organ. These highly- 
developed cells, three times as long as the corresponding cells lower 
down upon tlie dentine papilla, are in the position of the terminal 
cap of enamel ^hich characterises these teeth. Moreover, in^the 
tooth sac of the poison fang of a viper, the distribution of tlje large 
cells coincides with that of the enamel on the finished tooth. • 


Calcification of the Dentine. — The dentine is formed 
upon the siirfixcc of the dentine bulb, or pnpillii, from with- 
out inwards, so that no portion of dentine once calcified can 
receive any increase in e.vteriial dimeiisioiiJi ; all additions 
must take place upon the interior of tlie dentine cap. The 
nature of the dentine bulb has already been to some extent 
described ; it remains to consider somewhat more minutely 
the nature of its surface. The cells constituting the mem^ 
brana eboris, to which Waldeyer has given the convenient 
name of “ odontoblasts,” form an exceedingly sharply defined 
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laj’cr upon the surface of the dentine avmII, being arranged 
in a single row ; the cells immediately beneath them differ 
strongly from them, so that there is not so marked an 
appearance of transitional structure as may be seen in the 
stratum intermedium of the enamel organ. Nothing what- 
ever like the linear succession of formative cells, Avhich, by 
coalescence at their ends went to form the dentinal tubes, as 
described by fhe older Avritei’s, is to be seen. 

The odontoblast cells vary in form according as the den- 
tine fomiation is actively going on or not, but at the period 
of their greatest activity they are broad at the end directed 
towards the dentine cap, so as to look almost iibmptly 
truncated. The several processes of the cells have already 
been described ; there are, however, sometimes several 
“dentinal processes” proceeding from a single cell, and 
Jloll has counted no less than six. 

The cells are finely granular, and arc, according toWaldeycr 
and Boll, destitute of all membrane ; the nucleus is oval, lies 
in that extremity of the cell which is farthest from the dentine, 
and is sometimes prolonged towards the dentinal process so 
as to be ovoid or almost pointed. 

The dentinal process passes into the tubes of the dentine, 
and it frequently haiipcns that, when the mCmbraii'a eboris 
is only slightly separated from the dentine, these processes, 
which constitute the dentinal fibrils, may be seen stretching 
across the interval in great numbers. 

The odontoblasts, as may be seen from Figs. 41 and 69, 
arc fitted closely together, and there is not much room for any 
othpr tissue between them, so long as the formation of dentine 
is actively going on. Prior to its commencement, however, the 
cells are not so square at their ends, and the appearance of 
the thin edge of such a pulp suggests the idea that they arc 
bedded in a transparent and structureless jelly, which projects 
a little beyond them. To render my meaning more clear by 
a homely illustration, the surface of the pulp at this stage 
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reminds one of the clear jellies put upon tlie table with 
strawberries or the like buried in tlicni, near to, but bencatli 
the surface. 

When the pulp has completed, for tiie time being at all 
events, the formation of the dentine, the odontoblast cells 
become more elongated and more rouiidojl in their outline 

Fig. 1)3 (V). 


and taper ofl* towards and into the dentinal jirocess, instead 
of having truncated ends. 

1'he colls figured by Lent as the foi-mative cells of dentine, 
I regard as odontoblasts taken from an adidt tooth, the 
period of formative activity lieing post, and I am inclined to 
think that his views on the subject of development are open 
to criticism, as being based upon the appearances presented 
by such old cells. 

Several more or less divergent views as to the c^act 
method of de^^elopment of the dentine have fi’oni time to 
time held the field, the (piestion turning mainly upon the 
part played by the odontoblasts, ddie close relation of these 
cells to the dentine, their change in form according as 
dentine building was or was not actively going on, their 
resemblance in position and apparent consistence to osteo- 
blasts, and the absence of any other of the large cells wjiich 
we associate elsewhere with elaboration of sppeial products, 
would naturally lead to the inference that they were the 
chief factors in the segregation of lime salts and their in- 
corporation in the dentine, a view which has obtained many 
adherents. 


^ Isolated odontoblast cell. 
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According to this view, which is supported by Waldeyer, 
Frey, Boll, Dr. Ijioncl Beale, and many other writers, the 
dentinal fibrils, the dentinal sheaths, and the matrix between 
these latter, are alike derived from the metamor|)hosis of 
the odontoblast cell. In other w'ords, the three structures 
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in question may be taken as being three stages in the con 
version of one and the same substance : tlius we have the 
dentinal fibril in its soft condition, little more tlian the 
unaltered protojilasin of the cell, thou the dentinal sheath, 
onevof those ])oculiarly resistant substances which lie on the 
border^ of calcification ; and lastly, the matrix, the completed, 
wholly calcified tissue. 

That some such relation exists seems to bo indicated by 
the fact that dentinal tubes once formed are capable of 
further calcification, by whicli their calibre becomes sensibly 
diminished. Thus, my fither states (speaking of the incisor 
teeth of rodents), “ the tubes which proceed from the pulp 
cavity near the base of the tooth, are, in most ciiscs, per- 
ceptibly larger than those that arc situated higher up * 
hence it follows that, as the latter were once near the base 
of the tooth, tJie dentinal tubes undergo a diminution of 


(*) Odontoblasts 1 a stVif. After Waldeyer. 
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calibre after their original formation. In the teeth of the 
Sciurida) I have found a difference of size amonnting to a 
third or half between the tubes near the base and those 
near the surface in wear.” 

And Dr. Lionel Ilealo calls attention to the fact that tlio 
hollows of tlie canals are larger nearest to tlie pulj), and 
smallest at the peri])hery of the tootli, in other words, y,t 
the oldest part ; also that calcification is still slowly going 
(ill even in advan(*ed life, so as often to lead to the oblitera- 
tion of the |)(?ripheral tubes. There is, too, the stateineiit 
of Robin and Magitot, that the teeth b()conie more rich in 
calcarecjus salts as ago advances, so that analyses of hnmau 
teeth show great discrepancies. 

It is (lifticult to see how a dentinal tube once formed can 
become contracted to a third or half of its diameter unless 
we believe tliat that which was at first the soft tissue (den- 
tinal fibril) occn])ying its canal may become at its periphery 
metamorphosed into “ dentinal sheath,” while that Avhich 
was originally this latter has passed into the condition of 
matrix. 

But it is possible that the dentinal sheath has no separate 
existence in the dentine until after its disintegration by a 
strong acid. « 

As I liave formerly expressed it, the most external 
portions of tlie odontoblasts undergo a metamorphosis into 
a gelatigeiious matrix, which is tlie seat of calcification, 
while their most central portions remain soft and unaltered 
as the fibrils. Intermediate between the central perma- 
nently soft fibril and the general calcified matrix, is tliat 
portion wdiicli immediately suri’ounds tlie fibril, namely, the 
dentinal sheath ; as expressed by Dr. Lionel Beale they are 
protoplasm, fonned material, and calcified formed material. 

This view differs but little from that of Von Ebncr and 
Rose ; they believe that the whole of the dentine is derived 
from the odontoblasts, but that while their axial portions 
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persist as dentinal fibril, their peripheral portions become 
metamorphosed into a delicate fibrillar gelatigcnons tissue, 
a connective tissue in fixet, which, forming the matrix, 
receives an impregnation with lime salts. 

It will be remembered that Von Kbner has shown the 
existence of a delicate fibrillar structure both in bone and in 
dentine ; and whatever may be the true cxj)laiiation, there is 

Fif?. 70 (•). 



no doubt that there is an intermediate zone between the 
line of the odontoblasts and the fully calcified matrix, of 
even width, and capable of being strongly differentiated by 
various stains ; for example, Golgfs method of using silver 

nitrate renders it, together with the contents of the inter- 

•» 

globular spaces and Neumann’s sheaths, quite black, whilst 
the completed matrix is not stained at all. 

In other modes of staining, the dentine decalcified by acids 

(^) At the top of the figure is seen the formed dentine ; next comes a 
la>er of forming dentine, to which a number of connective tissue bundles 
adhere. After Mummery. 
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takes the stain much more deeply than this zone does, and 
no doubt can remain that there is a material difference in 
this region. This may be seen in figure 70. 

The researches of Mr. Mummery carry us a step further. 
Simultaneously with Von Ebiier he demonstrated that in the 
completed matrix now and again traces of a much masked 
fibrillar structure were to be found, and that by the use i)f 
Koch’s metliod as modified by Weil, a connective tissue was 
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to be demonstrated in the periphery of the pulp, which 
connective ti>isue apparently ran in continuously inb/ the 
matrix somewhat as Sharpey’s fibres run into bone. * • 

According to his idea, dentine is developed very much like 
a membrane-bone, there being, however, this difference : 
that in the case of dentine long protoplasmic processes from 
each odontoblast cell persist, though the cells themselves do 
not become enclosed in the forming tissue ; in the case of 
bone, some at least of the osteoblasts do iJccoine boxed in, 
and persist as the branched cells which occupy the lacuna). 

(^) Decalcified section from aliuke. The connective tissue fibres are seen 
forming a layer as distinct as, though greatly thicker than, an odontoblast 
layer. In the formed dentine tln^ vascular canals arc seen, and at the 
bottom of the figure, the general connective tissue stroma of the pulp. 
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For the details of the reasons which have led liim to 
adopt this view, the reader must refer to his original paper; 
but a very strong argument in its favour is derived from a 
study of the development of vascular dentines. 

In some papers in which I descril)ed these dentines, J 
made mention of Ji very distinct layer of straight parallel 
fibres which abut upon the forming dentine, and which 1 at 
that time regarded as peculiar large, or rather long, odonto- 
blasts. But on going over my old preparations with !Mr. 
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Mummciy, and studying those which he had prepared, I 
soon became convinced that I had been in error in so regard- 
ing tlicm, and that they really arc a layer of specially 
arranged connective tissue fibres. For tlu‘y are devoid of 
any nuclei, and (piite lack the, so to speak, succulent 
appcarjincc of true odontoblasts. 

Though they so fiir resemble them as to pull away in a 
continuous sheet adherent to the dentine, of perfectly 
uniform thickness, yet in suitable preparations tliey can be 
seen to be continuous with the connective tissue framework 
of the pulp, which in vaso-dentine pulps is far more strongly 

(^) Decalcified section of tootli of hake. a. Formed dentine, h. Con- 
nective tissue bundles running into it without break of continuity, c. 
Connective tissue framework of the pulp. 
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<lcvcloped than it is in hard dehtino pulps. And there 
being no dentinal tubes to mask it, the dentine can often be 
seen splitting up (in decalcified, specimens) into bundles of 
the same size as the fibres of the pulp-layer. 

Moreover, it is inuch more easy to see the fibres alluded 
to running into the formed dentine matrix on the one Hand, 
and on the other into the connective tissue deeper in the pulp. 

And in the peripheral or first formed ])art of the dentine, 
in many vaso-dentine teeth, there is a structure which might 

Kiii. (»). 





almost be termed a petrifaction of the connective tissue styoma 
unchanged. This is well seen in the accompanying figure, 
drawn from the tooth of a cod. And it cannot be said that 
there is any fundamental difference between the develop- 
ment of a vaso-dentine, and that of a hard dentine, for the 
very same tooth may be composed at one part of the one 
and at another of the other, tis is well cxemjdified in the 
tooth of a flounder (see fig. 31), so that it is (|uite safe to 
use the one tissue as illustrating the development of the 
other. 

During the convei'sion of the membrana eboris and its 
(*) Outer layer of the dentine of a Cod. 
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associated structures into ordinary hard unvascular dentine 
the vessels of the formative pulp recede, so that, whilst at 
all stages a capillary plexus is to be found just below the 
odontoblast layer, no vessels are to be found amongst the 
cells which constitute it. 

Nevertheless a moment’s reflection w’ill show that (except 
in the earliest stages, before any dentine is formed) the 
plexus must at a prior time have occupied the place now 
taken possession of by the inward marching odontoblasts 
and dentine. 

But in the calcification of a formative pulp into vaso- 
dentine this recession of its vessels before the advancing 
border of calcification does not take place ; the whole vascular 
network of the pa])illa remains, and continues to carry blood 
circulating through it, even after calcification has crci)t up 
to and around it. 

So that if we imagine a vascular papilla to have its stroma 
suddenly petrified Avhilst its circulation went on all the same, 
we should have something like a vaso-dentine. 

Just as in a hard dentine, the calcification takes place on 
the surface of the pulp, but owing to the great development 
of the connective tissue element the odontoblasts are not so 
conspicuous, although, by search, round cells like osteoblasts 
are to be found there. 

Indeed, as we have already seen, the very same pulp with 
an odontoblast layer is able, at the tip of the tooth, to form 
a finely tubular dentine, and to gradually change its methods 
so as to leave vessels carrying red blood through special 
channels, ’riic tyi)ical odontoblasts seem to be concerned 
in keeping opefi the tubes of dentine, in which their proto- 
plasmic processes remain, and the study of comparative 
forms of dentine lends little suj)port to the idea that they 
are nerve end organs. 

The more intimate relation between dentine and bone 
w’hich is brought into prominence by these recent investiga- 
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tions is very prettily illustrated in the teeth of some fish, of 
which the Sargus may be selected. 

In this fish the dentine pulp for some time goes on form- 
ing a fine-tubed hard dentine in which no vascular canals 
occur, but at a certain point a sudden break occurs, although 
there is no apparent change in the structure of the foinia- 
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tivc pulp, which is continued with its odontoblast layer just 
the same. 

This break (Fig. 74) couicides with the commencement of 
the implanted portion of the tooth. ^ 

Below it, the tooth pulp with its odontoblast layer goes on 
forming an additional portion of the same diameter as befbre, 
but it is thinned down pretty speedily to an edge. 

This implanted portion differs from the true dentine tooth 
above it, in that it contains at first a few and then none at 
all of dentine tubes, Jind in that it does contain vascular 
loops and the somewhat irregulia* spaces which are to l)e 
found in the bones of these fish ; but it is all formed inside 
the capsule of the tooth sac. Morphologically, therefore, 

(*) Developing tooth of Sargus. To the left is seen the dentine pulp, to 
the right the alveolo-dentar periosteum and hone. In the middle is fine- 
tubed dentine at the top, then below the break is the implanted portion of 
the tooth, in which vascular canals occur. 


M 
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it is tooth, but structurally it is bone, so that we see the 
same tooth pulp with the same elements able to produce 
the two types of tissue. 

The after liistory of this deeper portion of the tooth is 
that it is imbedded in and thoroughly fused with the sur- 
rounding bone of the jaw. (See Fig. 76.) 

Some light may be thrown upon the subject by the forma- 
tion of detached notlules in the pulp, which occurs in man, 
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but far more commonly in the elephant, c Tliosc nodules 
often *con tain tubes very like <leiitinal tubes, and those who 
believe that odontoblasts are necessary to any such calcifica- 
tion find so much difficulty in accounting for free pulj) 
nodules as to be driven to the rather improbable supposition 
that ill these cases there has been an involution of the 
oi^ontoblast-bearing snrfiice, a thing never as yet observed. 
But once admit that dentine matrix is mainly a connective 
tissue calcification, and the difficulty disappeai's. 

When a free nodule comes to be in contact with the wall 
of the pulp chamber, it often becomes enveloped in a layer 

, (*) Diagrammatic representation of tooth of Sargus, showing the relation 
of the implanted portion to the odontoblast layer and the tooth sac. 
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of much more regular dentine, in which the odontoblasts, 
with their processes, seem to have kept the dentinal tubes 
open. 

Just as in the case of enamel, there are writers who hold that the 
odontoblasts are not themselves converted into dentine, but that 
they preside over the secretion of a material which is. Thus 
Kolliker and Lent believe that while the canals and their contents 
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are continuatictis of the odontoblasts, the matrix is a secretion 
either from these cells or from the rest of the pulp, and lio js an 
" intercellular ” substance. Their view is therefore interm^iate 
between the excretion and conversion theories ; and Kolliker goes 
on to say, “since the dentinal cells are immediately drawn out at 
their outer ends into the dentinal fibres, and do not, as was formerly 
thought, grow out in such a manner that the dentinal fibre is to be 
regarded only as the inner part of the cell, so it is not possible to 
derive the dentine immediately from the cells.” But is not Pro- 
fessor Kolliker thinking and writing of those 'aged, spent lells 
which his pupil Lent figured ? No one could speak of a young, 
active odontoblast as “ drawn out into the dentinal fibril.” A good 
section of young developing dentine shows that the cells are square 
and abrupt towards the dentine ; they do not taper into the dentinal 

(^) Base of the dentine of the crown, and the imi^lantcd portion of the 
tooth. The snri'ounding bone in which the latter is imbedded is indicated 
in outline only. Sargus. 

M 2 
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process in the smallest degree, and there is no room for any inter- 
cellular substance whatever. 

Hertz coincides with Kolliker in regarding the matrix as a 
** secretion from all the dentinal cells in common which stands in 
no definite histological relation to the individual cells,” but his 
figure also I believe to be representative of an adult inactive surface 
of pulp, in which dentine formation has almost ceased. 

Kolliker and Lent are of opinion that a single cell is sufficient to 
form the whole length of a dentinal fibril, not having seen evidence 
ot active cell growth in the subjacent layer of the pulp, from which 
they could infer that the membrana eboris W'as supplemented by 
new' cells from below. In a Later edition, how'cver, Kolliker speaks 
with much more hesitation on this point. 

Magitot (1881) held that the whole of the dentine is “ a pro- 
duct elaborated by the odontoblasts,” but neither secreted by nor 
formed by the conversion of, the odontoblasts, and he denies the 
existence of the sheaths of Neumann iti tvto. 

Klein believes that the odontoblast forms the matrix only, 
whilst the dentinal fibrils are processes continued up betw'een the 
odontoblasts from a subjacent layer of stellate cells. 

Robin and Magitot formerly held that the dentine matrix was 
formed by the transformation of the odontoblast cells, but that the 
tubes were inter»pace» between these latter, not corresponding w'ith 
the axes of the cells. 

Baume (Odontologfische Fortschungen) holds that the odonto- 
blasts secrete a material which calcifies, rather than that they are 
themselves converted. 

Some appearances after maceration in glycerine, described by Mr. 
Bennett (Odontolog. Soc. Transoc., 1888), arc as yet not fully 
explained, nor is it clear how far they may be due to methods used 
in the preparation of the specimens. 

It would appear that there must be some material of appreci- 
able thickness upon the inner or forming surface of the dentine 
which is not as yet fully calcified, and perhaps not in other respects 
as yet structurally or chemically quite identical wdth the matrix 
even when this latter is decalcified, but w'hich is on its way towards 
conversion into dentine matrix. 

And it has been suggested (Hopewell Smith, “ Dental Record,” Aug. 

1 889), that the function of the odontoblasts is purely sensory, a com- 
pari^n being drawn between them and the ganglion cells of the 
spinal cord, and ttiat the work of elaboration of dentine matrix, &c., 
is done by smaller and less specialised cells which lie more deeply 
in the pulp, just below the odontoblast layer. 

Comparative anatomy furnishes evidence against the acceptance 
of such a view, as many vaso-dentines w'hich contain no tube 
system, and so no dentinal fibrils, are yet formed apparently by the 
agency of a layer of cells corresponding in most features with the 
odontoblasts of other creatures. 
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• Moreover, Rtructures so very like dentine occur in the endo- and 
exo- skeletons of a great many hsh. 

A most useful summary of the various views entertained, brought 
down to 1888, will be found in Heitzman and Bodecker's contribu- 
tions to the history of the development of the teeth. 

Of the development of Plicidcntiiie nothing special need 
be said, as it presents no peculiarities which arc not the 
obvious result of the folding of the surface of its formatfvc 
jmlp. 

The thinnest layer of dentine, such as may be found at 
the edges of the dentine cap, is soft and elastic, and so 
transparent as to appear structureless. Where it has 
attained a S(jmewliat greater thickness, globules begin to 
appear in it, which are small in the thinner and larger in 
tlie tliicker portion of the dentine cap. As they are actually 
in the substance of the cap, their growth and coalescence 
obviously go on without any very immediate relation to 
the cells of the pulp ; in point of fact, a process strictly 
analogous to that demonstrated by Mr. Kainie and Professor 
Harting (see page 1 4:2) is going on. Thus in the formation 
of the first skin of dentine, a stage of metamorphosis pre- 
paratory to impregnation with calcareous salts distinctly 
precedes that full impregnation wliich is marked by# the 
occurrence of* globules and their subsequent coalescence. 
The occurrence of these globular forms, and consequent *largc 
interglobular spaces, in the deeper parts of adult dentine, is 
therefore an evidence of aiTcst of development rather than 
of any otherwise abnormal condition. 

When the formation of the dentine and enamel has gone 
on to the extent of the crown of the tooth having attained 
its full length, the reproduction of new formative pulp (in 
teeth of limited growth) takes place only over a contracted 
area, so that a neck, and finally one or more roots, are the 
result of its conversion into tooth substance. In teeth of 
constant growth, however, no such narrowing of the forma- 
tive pulp takes place, but the additions to the base of the 
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tooth arc of constant or ever-increasing dimensions, as is 
the case in some tusks, which arc thus of conical form. 

It is said that the number of roots which would have been 
developed at the base of a particular dentine organ may be 
inferred from the vessels — /.<?., that in a single-rooted tootli 
the vessels would, oven at an early period, form a single 
faeciculus ; in a double-rooted one similarly they Avould be 
arranged in two bundles, so that the ultimate formative 
activity will be exercised around one, two, or three centres 
of nutrition. I am not, however, able, from my own observa- 
tions, to throw any light upon this matter. 


THE CAr.ClFlCAT10N OF OSI'KO-DENTIXE. 

With the exception of the thin external layers (see Fig. 36), 
which arc developed from a supeidicial layer of not very 
highly specialised cells, ostco-dentinc is built up in a manner 
fundamentally ditterent from that in which hard dentine, 
plicidcntine, and vaso-dcntine are constructed. 

For it is not, like these, a surface fcnination ; it is not 
laid^down in a regular manner upon the exterior of a pulp, 
and it has no relation to an odontoblast layei^ if we except, 
perhaps, its thin exterior shell. 

So soon as this has been formed, its inner surface becomes 
roughened by trabecuhe shooting inwards into the substance 
of the pulp, which speedily becomes traversed completely 
by them, as well as by the connective tissue bundles which 
are , continuous, with them. Thus the pulp, being pierced 
through in every direction by these ingrowths, cannot be 
withdrawn, like the pulp of a hard or of a vaso-dcntine 
tooth, from the interior of the dentine cap. Osteoblasts 
clothe, like an epithelium, the tiTibecuhe and the connective 
tissue fibres attached to them, and by the calcification of 
the latter the osteo-dentine is formed. 



CALCIFICATION. 


167 


The process is exactly like the calcification of any mem- 
brane bone, and the connective tissue bundles remind one 
of those which arc believed to be the occasion of the 
fonnation of Sharpey’s fibres in bone. In the case of teeth 
which are going to be anch^dosed to the subjacent bone, 
these fibres run continuously from the interior of the dentine 
cap down to the bone, and calcification in and around them 
binds the two inseparably together. 

It is interesting to note, especially in connection with 
the fact that some observers believe Sharpey’s fibres to be 
elastic, that the hinged teeth of the ])ike (sec Fig. 89) owe 
their power of resilience entirely to the elasticity of these 
connective tissue bundles, whicli do not become completely 
calcified, although at an early stage it would be quite im- 
possible to say whether a particular tooth was going to be 
anchylosed, or to be a hinged tooth held u[) to its work by 
elastic strings. 

The Calcification of Cementum. — Just as is the case 
with bones elsewhere in the body, cementum may perhaps 
be formed in two distinct ways — by membranous ossification, 
and by ossification in a fibro-cartilage, the former method 
obtaining upon the roots of teeth, and the latter upon t^^ose 
crowns where -the cement organ described by Magitot exists. 

At the time when the crown of a tooth appeal's tfimugh 
the gum, it alone is complete, and the root has yet to bo 
calcified ; as each portion of dentine of the root is completed, 
it is coated with a closely adherent vascular membrane which 
is in fact the follicle wall, .and which is to become, when the 
cement is formed, the alvcolo-dental periosteum. , 

The inner or dentinal face of this membrane presents a 
layer of large cells, the osteoblasts of (j}egenbaur, and it is 
by their calcification that bone or cementum is directly 
formed. These osteoblasts are themselves a special de- 
velopment where bone is about to be manufactured, as is 
clearly explained in the following extract from a paper by 
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niy father and the late Mr. De Morgan, who termed them 
osteal cells : — 

“ Here (towards the bone) in the place of cells with 
elongated processes, or cells arranged in fibre-like lines, wo 
find cells aggregated into a mass, and so closely packed as to 
leave little room for intermediate tissue. The cells appear 
to have increased in size at the cost of the processes which 
existed at an earlier stage, «and fonned a bond of union be- 
tween them. Evn^ywlm e ahmit yroivintj Ume a careful exami- 
naiion v)ill reveal cells attached to its surface, while the surface 
of the bone itself ivill present a series of similar bodies ossified. 
To these we propose to give the name of osteal cells.” 

Externally to the osteobhist layer, but still very near to 
the perfect cementum, lies a reticulum or network made up 
of forming connective tissue. Its cells have largish round 
nuclei, and are each furnished with three or four homo- 
geneous processes, so that the tissue, save in very thin sec- 
tions, looks hopelessly confused from the interlacing of the 
cell processes. Many of these processes pass into, and are 
lost in the clear, structureless matrix of the already formed 
cementum ; the functions which they perform in its develop- 
ment are not very apparent, but some of them appear to 
persist in it, as Sharpey's fibres. ^ 

Externally to the fine-meshed network which has been 
well figured and described by Dr. Lionel Beale, the soft 
tissue surrounding the root partakes more of the character 
of ordinary fibrous tissue, and may be teased cut into 
fibrils. ^J^he fibrous bands run mainly in a direction from 
th Cl alveolus towards the tooth. Many of them pass through 
the whole thickness of the soft structures, extending from the 
bone of the alveolus to the cementum of the tooth, becoming 
lost at each extremity in the one tissue or the other. 

The osteoblasts form both matrix and bone corpuscles: 
in Professor Klein’s words “ each osteoblast by the peripheral 
portion of its cell substance gives origin to the osseous ground- 
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substance, while the central protoplasm round the nucleus 
persists with the latter as the nucleated bone-cell. The boiic- 
cell and the space in which it lies become branched. For 
a row of osteoblasts we then find a row’ of oblong or round 
territories, each composed of matrix, and in it a nucleated 
branched cell. The outlines of individual tcn-itories are 
gradually lost, and we have then a continuous osseoys 
lamina, with its bone-cells. The ground-substsince is from 
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the outset a network of fibrils ; it is at first soft, but soon 
becomes impregnated with inorganic salts, the process com- 
mencing at the * point of ossification.’ The bone-cells, with 
their processes are situated in corresponding lacuna} and 
canal iculi, just as in the adult osseous substance.” * , 

In a certain number of osteoblasts this process of calcifi- 
cation does not proceed with such regularity as to obliterate 
their centres, and at the same time to fuse together their 
exteriors, but as it progresses with some degree of 
irregularity towards the centre, tracks of uncalcificd matrix 
are left, and finally it stops short of obliterating the central 
portion of the cell. Although for the purpose of description 1 
have spoken of the centre of the lacuna as a “ space,” of 
course it is not hollow, but consists of uncalcified matrix, 
and in this situation lies the nucleus of the cell. 


(*) Encapsuled lacunee. 
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111 carmine-stained preparations from the teeth of calves 
a round nucleus may sometimes be seen lying in the stellate 
“ lacuna ; ” the nucleus soon disappears, and plays no active 
part in determining the fonn of the lacuna. The nucleus 
may also be seen in tlm developing bones of human hetuses, 
and, though this is difficult to understand, the traces of the 
nucleus seem to be beautifully preserved in the lacunuj of 
a supposed Pterodactyl e bone from the Wealden, a section 
from which was figured by my father in the paper referred 
to. Kxactly as calcification, .advancing wdth irregularity in 
the interior of an individual cell, ffiils to render it homo- 
geneous by pervading its wdiole subst.ance, so it may fail so 
completely to unite contiguous cells as to obliterate their 
contours. A lacuna, surrounded by such a contour line, 
mapping the limits of the original cell, or cluster of cells, is 
wdiat is termed an “cncapsuled lacuna.” 

Tliat which determines the formation of a lacuna, or an 
cncapsuled lacuna, at any particular spot, is unknown : all 
that can certainly be said upon the subject is embodied in 
the following extract from the paper by my father and Mr. 
De Morgan, above alluded to: — “AVe see the boundary of 
the^ original lacunal cells only in those cases where the 
lacunic liavc but few', or are entirely devoid of caiialiculi. 
It would appear to be a law, to which there are few', if any, 
exceptions, that when .amxstomosis is established between 
adjoining lacunae, the lacunal cells blend with the con- 
tiguous parts, and are no longer recognisable as distinct 
bodies.” 

According to Kdlliker, the cementum is firat deposited in 
isolated scales, which coalesce with one another, rather than 
in a continuous sheet. In the teeth of the Primates, the 
Carnivora, Insectivoni, itc., the cementum, at least in any 
appreciable thickness, is confined to the roots of the teeth. 
Various reasons, however, exist, for regarding Nasmyth’s 
membrane as an exceedingly thin layer of cement, which 
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have been entered into in the section relating to that 
structure, and need not be recapitulated here. It will 
suffice to say, that it appears to be one of those structures 
midway betwixt full calcification and full vitality, and shares 
with such substances the power of resistance to chemical 
reagents which characterises them. 

M. Magitot states that the calcification of the cartilaginoivJ 
cement organ of Herbivoi'a differs in no respect from that of 
other cartilages, but in his description he merely states that 
patches of calcification appear here and there in the deepest 
portion of the organ, coalesce, and come to invade its entire 
thickness ; and further that the cement at the period of 
eruption is constituted of “ osteoplasts ” regularly grouped 
round vascular canals, and included in a ground substance 
finely striated. (Jovrnal cle VAnatomie, 1881, p. 32.) Where 
intra-caitilaginous ossifications occur elsewhere in the body 
a temporaiy bone is foiTned by tlie calcification of the 
cartilage matrix, which is subsequently absorbed and swept 
tiway, as marrow'-containing channels appear in it and bore 
their way through it, substituting for the calcified cartilage 
a bone developed from osteoblasts ; and ultimately all remains 
of the calcified cartilage or temporary bom^ disappear. Thus 
all bone whetlier developed in cartilage or in membrane 
is formed alike, the calcified cartilage merely fornniig a 
temporary frainew'ork or scaffolding, in and amongst which 
the bone is formed from osteoblasts. But M. Magitot does 
not describe in much detail this calcification of cartilage and 
subsequent removal to give place to an osteoblast-derived 
bone, though Ikj speaks of the cartilaginous cement organ 
as a transitory or temporary structure. 

Membrana Freformativa. — To the student of dental 
development, few things are more perplexing than the con- 
flicting statements which he reads in various works as to 
the nature and position of the Membmna preformativa, of 
which I have hitherto studiously avoided all description ; 
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.while it is not encouraging, after having mastered with 
difficulty some one description of its character, to find that 
many of the most recent authore altogether deny its exist- 
ence. I will endeavour, therefore, so far as T am able, 
although not myself believing in its presence, to put the 
matter in a clearer light, and to point out wherein lie the 
(Jiscrepaiicies of statement. 

According to the older theories of tooth development, 
under the thrall of which most authors have written, the 
tooth germ was in the first instance a free, uncovered papilla 
of the mucous membrane, which subsequently sank in and 
became encapsulated, ttc. tfec. (see page 100). Moreover, it 
was taught by the older histologists that fine homogeneous 
“ basement membranes ” were to be found in a great variety 
of situations, amongst others beneath the epithelium of the 
mucous membrane, and that these were of (physiologically) 
much importance, inasmuch as they formed defining limits, 
through which structures did not pass. As a necessary con- 
sequence of these views, it was assumed as a matter of 
course that the ‘‘ dentine papilla ” must be covered over by 
a “ basement membrane,” or membrana preformativa. 

Thus this membrane necessarily intervened between the 
enamel organ and the dentine papilla, aiidchence gave rise 
to difticulties in the understanding of the calcifying process. 
Henle considered that evidences of its presence speedily 
became lost, but that ossification proceeded in opposite 
directions upon the two sides of this membrane : from 
within outwards in the case of the enamel, from without 
injvards in the case of the dentine. 

Prof. Huxley, starting on the same hypothesis as to its 
position, namely, that it was between the enamel organ and 
the dentine papilla, came to a different conclusion as to its 
after fate ; relying upon the fact that a continuous sheet of 
tissue or membrane can be raised from the surface of the 
developing enamel (see page 148), he concluded that this 
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was the original membraua preformativa, that it afterwards 
became the Nasmyth’s membrane, and that enamel was 
developed without tlie direct participation of the enamel 
organ, seeing that a membrane separated the two. My 
reason for doubting the correetness of these conclusions has 
been there given ; tlio membrane so demonstrable is, I 
believe, artificial, and does not represent any naturally 
existing structure. 

Kblliker strongly affirms the existence of the membrana 
preformativa, and in the older edition of his Histology held 
that it became converted into Nasmyth’s membrane; 
although he now gives a different explanation of the origin 
of Nasmyth’s membrane, I have not found a definite state- 
ment of his recent views of the ultimate fate of the mem- 
brana preformativa. 

We have thus three situations assigned to the membrane 
covering the dentine papilla, or membrana preformativa : 

(i.) Between the dentine and the enamel (Henle). 

(ii.) Between the enamel and the enamel organ, or out- 
side the enamel (Huxley). 

(iii.) Between the dentine and the pulp (several writers of 
less authority). 

We come n^t to those vrriters who deny its existence 
altogether, explaining on other grounds the appearances 
observed. 

Markusen believed that it was nothing more than the part 
of the papilla first ossified ; and Dr. Lionel Beale definitely 
denies the existence of a membrane in any one of the three 
situations above detailed, as do also Hertz, Wenzel and 
Waldeyer. 

Messrs. Robin and Magi tot have offered a plausible ex- 
planation of the appearance of a limiting membrane over 
the pulp, which is briefly this : the formative pulp is rich 
in a clear substance of gelatinous consistency (which in 
fact forms its chief bulk), and which reminds the observer 
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of the tissue contained in an umbilical cord. This is some- 
what more dense towards the surface, where it forms a 
matrix for the odontoblasts and projects beyond them, so 
as to look, in section or at a thin edge, like a sort of 
varnish to the })apilla. From its greater density near the 
surface, it may become corrugated, and so look like a 
folded or torn membrane. 1 am quite inclined to agree 
with the foregoing explanation. 

I am inclined to think that, but for the erroneous theories 
that the dentine germ originated as a free papilla on the 
surface, which would according to the prevalent vie.w have 
been necessarily invested by a basement membrane, we 
should never have heard of a membrana preformativa. At 
all events it is difficult to imagine that such a membrane 
exists upon papilla formed at such a great distance from the 
surface as those of the snake or the lizard (Figs. 53 and 54) ; 
and if there be such a membrane, it must be a secondary 
development upon the surface of the mass of cells which 
primarily constitute the rudiment of the dentine papilla, and 
ill that case is not a part of the general basement membrane 
of the oral mucous membrane ; or else it must have been 
carried down as a sort of cul de me in front of the inward- 
growing process of epithelium, to which in tb/it case it would 
belon’^g rather than to the dentine germ. Neither of these 
supjjositions commend themselves as probable ; and a still 
greater obstacle to the acceptance of a membrane in this 
position is afforded by the structure of Marsupial teeth (see 
Fig. 7), in which the membrane would be eveiy where per- 
forated by the soft contents of the dentine and enamel 
tubes. 
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CHAPTER YII. 

THE DEVELOPMENT OF THE JAWS- -THE ERUPTION AND THE 
ATTACHMENT OF THE TEETH. 

At an early period in tlic development of the embiyo 
there is a single primitive Imecal cavity, which is siihse- 
cpiently divided into a nasal and an oral cavity by the 
palatine ])lates growing horizontally across it ; the pharynx 
behind the hinder end of the primitive buccal cavity 
remains undivided. Both upper and lower jaws make their 
appejirance about the twentieth da}' as little buds from the 
iirst visceral arch, and grow inwards towards the middle 
line : those which form the lower jaw reach to the middle 
and there coalesce, those for the upper jaw stop short, and 
the gap left between them is filled by a downward sprouting 
process from the forehead, which afterwards forms the inter- 
maxillary bone. This naso-frdntal process consists of a 
median portion and two lateral lobes (processus globulares), 
from which the upper lip is formed, where they coalesce in 
the middle line. Their outer edges fuse with the maxillary 
arches, and it is here that failure of coalescence brings about 
hare-lip. 

In the lower j.aw or mandibular processes there appears, 
about t he end of the first month, a dense cord of cartilaginous 
consistence, Meckel’s cartilage, which seems to serve as a 
scaffolding, giving form and consistency to the lower jaw' 
prior to the occurrence of calcification. Meckel’s cartilage, 
formed as two distinct halves, soon unites in the middle, and 
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then forms a continuous curved bar, the hinder ends of 
which reach up to the tympanum. 

About the fortieth day a centre of ossification appears in 
the mandibular process, which, spreading rapidly, soon forms 
a slight osseous jaw outside Meekers cartilage, w hich is not, 
however, in any way implicated in it, and very soon begins 
to w’astc away, so that by the end of the sixth month it hs^s 
disappeared : that end of it alone which extended up to the 
tympanum docs not so w’aste awa}^ but becomes ossified into 
the malleus. Inhere are, however, observers who hold that 
in some animals, at all events, Meckel’s cartilage plays a 
more active part in ossification of the jaw. 

The develoi)mciit of the lower jaw has been accurately 
described by Mr. llland Sutton (I’rans. Odonto. Soc. 1883). 
After the appearance of Meckel’s cartilage, a centre of calcifi- 
cation appears at a point below the future mental foramen, 
to w’hich the name of the “ dentary centre ’’ is given ; then 
centres appear for the condyle, the coronoid process, the 
angle, and, at the chin, a mcnto-mcckclian centre. 

An osseous netw^ork soon connects these, and a splenial 
calcification appears as a ledge of bone on the inner side of 
the forming jaw immediately above Meckel’s cartilage and 
the inferior den|;al nerve. Upon this splenial portion the 
tooth germs stand “ like flasks upon a shelf,’* then subse- 
quently, .as Meckel’s cartilage atrophies, the splenial extends 
downwards to fuse with the dentary, and so cuts off the 
mylohyoid branch of the inferior dental nerve, which branch 
runs along the groove once occupied by Meckel’s cartilage. 

It will thus be seen that the centres described by ^Ir. 
Bland Sutton correspond pretty closely with the several 
bones which, though remaining distinct, together go to 
make up the mandible in Saiiropsida ; namely, the articular, 
angular, dentary, and splenial bones. 

In the upper jaw the suture separating the intermaxillary 
from the ma.\illary bones becomes obliterated very early on 
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the exterior surface, but it remains long distinguishable on 
the palatine aspect of the bones. 

According to Albrecht tlie intermaxillary bones are deve- 
loped each from two centres, and for a time there are 
traces of suture separating these, so that he divides the 
intermaxillary bone into an “ endognathion ” and an 
“ cxognathion.” 

The later changes which are undergone by the jaws during 
the development, eruption, and loss of the teeth, have long 
engaged tlie attention of anatomists, and amongst others of 
Hunter, who Avas the first to arrive at a tolerably correct 
appreciation of the process. In the first edition of my 
fatlier’s “ Dental Surgery,” the results of a very extensive 
series of observations candied out upon maxilla) collected by 
himself, were detailed, confirming in the main Iliinter^s 
conclusions, but adding many new points to our knowledge : 
and from this work I have borrowed largely in the present 
chapter. Sir George Humphrey, wdio had overlooked these 
descriptions, AA’hich were iieAm' published in any other form 
than as an introduction to the “ Dental Surgery,” instituted 
a series of experiments upon growing animals, which tended 
towards the same conclusions. 

As a means of giving the student a gui(i3 in his reading 
of tlie following pages, and a clue to the results towards 
which he is being led, a preliminary statement, Avhich does 
not pretend to scientific accuracy, may perhaps be useful ; 
while the description given will relate for the most part to 
the lower jaw, because its isolated position, bringing it into 
relation with fewer other bones, renders it more easy to 
study \ not that any diflerence of principle underlies the 
growth of the upper jaw. 

The different parts of the loAver jaAv ansAver for different 
purposes ; one division of its body having a very close and 
intimate relation with the teeth, the other serving a distinct 
purpose, and being only secondarily connected with the teeth ^ 
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The alveolar portion of the jaw, that which lies above the 
level of the inferior dental canal, is developed around the 
milk teeth : when they arc lost, it disappears, to be re-formed 
again for the second set of teeth, and is finally wholly 
removed after the loss of the teeth in old ago. 

The portion of jaw below this line, which is essential to 
deglutition and respiration, is late in acquiring any con- 
siderable development. Once formed it is never removed, 
save that when in advanced old age the muscles of mastica- 
tion are no longer in full use, it becomes, to a slight extent 
only, wasted. 

In order to understand the drift of the following descrip- 
tion, it is essential to keep in view the different life histories 
of those two parts of the jaw just alluded to. 

In an early fmtus, long before the necessity for respiratory 
movement or deglutition has become imminent, a thin lamina 
of bone has begun to be formed beneath the tooth germs, 
forming, as it were, a semicircular gutter running round the 
jaw, in which the developing tooth sacs are lodged. The 
thin gutter of bone thus formed is above and outside 
Meckel’s cartilage, and intervenes between the rudimentary 
inferior maxillary vessels and nerves, and the teeth. The 
sides of the boify furrow rise as high as the top of the^ tooth 
germs, but they do not arch over and cover them in, in such 
manner as the permanent tooth germs are arched in, for the 
long furrow is widely open at the top.’ 

Passing on to the condition of the mandibles at the time 
of birth, tlie two halves are as yet not anchylosed, but are 
united only by fibro-cartilage. “ The alveolgtr margins are 
deeply indented with large open crypts, more or less per- 
fectly formed. The depth of these bony cells is only suffi- 
cient to contain the developing teeth and tooth pulps, the 
former rising to the level of the alveolar margins of the 
jaws. At this period the crypts or alveoli are not arranged 
in a perfectly uniform line, nor are they all equally complete. 

N 2 
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The septa, which divide into a series of cells that which at 
an earlier age was but a continuous groove, arc less perfect 


Fig. 78 ('). 



(*) Upper and lower jaws of a nine months foetus, the teeth having^ 
been removed from the jaws on one sido to show the extent to which they 
are calcified at this i^eriod. (Two-thirds life size.) a. Alveoli of lateral 
incisors, h. Alveoli of canines, c. Alveoli of second temporary and first 
pennanent molars. A bristle has been passed through the inferior dental 
canal. 
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at the back than at the front part of the mouth. The 
alveoli of the central incisors of tlie upper and the lower 
jaws are a little larger within than at the orifice, and this 
difference is made still greater by a depression upon the 
lingual wall of each for the reception of the pulp of the 
corresponding permanent tooth. They are divided from 
the crypts of the lateral incisors by a septum which rups 
obliquely backwards and inwards towards the median line. 
The sockets for the lateral incisors occupy a position slightly 
posterior to those for the central teeth, and are divided from 
the canine alveoli by a septum which proceeds oVdiqucly 
backwards, and in the lower jaw, as regards the median lijie 
of the mouth, outwards. By the arrangement of these 
divisions the alveoli of the central incisors arc rendered 
broader in front than behind, and these relative dimensions 
in the sockets of the lateral teeth are reversed, as shown in 
Fig. 78. The crypts of the canine teeth are placed a little 
anteriorly to those of the laterals, and nearly in a line with 
those of the central incisors, giving to the jaws a somewhat 
flattened anterior aspect.” 

AVhilc the main bulk of the lower jaw is made up by the 
alveoli of the teeth, in the upper jaw the alveoli descend 
but little below the level of the palatal plates, though the 
sockets arc tolerably deep. The antrum as a special dfs^nct 
cavity cannot be said to exist, being merely represented by 
a depression upon the wall of the nasal cavity, the alveolar 
cavities therefore being separated only by a thin plate of 
bone from the orbits. 

The figure represents also the extent to which calcification 
has advanced in the various teeth. 

A full half of the length of the crowns of the central in- 
cisors, about half that of the laterals, and the tips only of 
the canines are calcified; the first temporary molars are 
complete as to tlieir masticating surfaces ; the second tem- 
porary molars have their cusps more or less irregularly 
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united, in many specimens the four cusps being united unto 
a ring of dentine, the dentine in the central depression of 
the crown not being yet formed. During the formation of 
the permanent teeth, very similar relations exist between 
the amounts of calcification in the incisors and canines ; thus 
when, as sometimes liappcns, the development of the teeth 
prpcecds very imperfectly up to a certain date, and then 
changes for the better, it may be that the lower half of the 
crown of the central incisor, somewhat less of the lateral, 
and the extreme tip of the canine will be honeycombed, 
while the remainder of the tooth will be perfect, thus per- 
petuating an evidence of the stages to which each of these 
teeth had at that particular period attained. 

Having noted in some detail the characters of the jaws of 
a nine mouths foetus, we may pass on to the consideration 
of those changes which precede the cutting of the deciduous 
teeth. A general increase in size takes place, new bone being 
developed at all those points where the maxillro are con- 
nected by soft tissue with other bones, as well as from their 
own periosteum. But the increase in dimensions docs not 
take place in all directions equally, so that material changes 

of form result. 

« 

In correspondence with the elongation of 6he tooth sacs, 
the alveoli become increased in depth, and their edges circle 
inwards over the tooth sacs; active development of bone 
takes place in the sutures uniting the two halves of the jaws 
to one another, which is compensated by the inclination 
inwards of the alveoli of the central incisors. In the lower 
jaw, the articular process, at lii-st hardly raised above the 
level of the alveolar border, rises rapidly up, the direction 
of the ramus at first remaining oblique, though the angle of 
the jaw becomes developed as a stout process for the attach- 
ment of muscles. At the age of six months the symphysis 
is still well marked, and the mental prominence first becomes 
noticeable. 
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An additional bony crypt for the first permanent molar 
has also appeared, thongli its separation from that of the 
second temporary molar, from which it was at first in no way 
distinct, is yet incomplete, especially in the lower jaw'. In 
the upper ja\v the first permanent molar crypt has no pos- 
terior wall ; bony cells for the permanent central incisors are 
well marked, but those for the laterals are mere deep pits in 
the palatine wall of the cryj)ts of the temporary teeth. 


Fra. 79 (i). 



At the age of eight months, or thereabouts, the process of 
the eruption of the teeth, or “teething,” has fiiirly set in ; 
anchylosis has taken place at the symphysis of the low'er 
ja^v, the mental prominence is well marked, and in the 
upper jaw the antrum has become a deep depression? 
extending under the inner two-thirds of the orbit. • 

Postponing for the moment the consideration (jf the 
eruption of the teeth, in order to follow up the growtfi of 
the jaws, it becomes necessary to take some fixed ])oints as 
standards from which to measure the relative alteration of 
other portions of the bone. In most bones, processes for 
the attachment of muscles would be very unsuitable for the 
purpose, because they Avould alter with the general altera- 
tion in the dimensions of the bone : thus a process situated 
at a point one-third distant from the articular extremity of 
a large bone, will still be found one-third distant from the end, 
though the bone has doubled in length. The four little 


(') Lower jaw of a nine months foetus. 
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tubercles which give attachment to the genio-hyo-glossus 
and genio-hyoid muscles are not, however, open to these 
objections, as they are already, so to speak, at the end of the 
bone, or, at least, of each half of it ; and their general cor- 
respondence in level with the inferior dental canal, which 
can hardly be imagined to undergo much alteration, 
indicates that their position is tolerably constant. 

'J'he points selected as landmarks are then, the spinte 
mentalcs, the inferior dental canal and its orifice, and the 
mental foramen. The mental foramen itself does undergo 
slight change in position, but this change can easily l)e 
estimated, and may as well at once be mentioned. As the 
jaw undergoes increase in size, large additions arc made to 
its surface by deposition of bone from the periosteum, neces- 
sarily lengthening the canal. The Jidditions to the canal 
do not, however, take place quite in the line of its original 
course, but in this added portion it is bent a little outwards 
and upwards. If we rasp off the bone of an adult jaw" down 
to the level of this bend, a process which nature in great 
part performs for us in an aged jaw, or if instead we make 
due allowance for the alteration, the mental foramen becomes 
an available fixed point for measurement. 

llie mental foramen, which undergoes mf)st of its total 
changV of position within a few months after birth, comes to 
correspond with the centre of the socket of the first tempor- 
ary molar ; later on it corresponds with the root of the first 
bicuspid, which is thus shown to succeed, in exact vertical 
position, the first temporary molar. 

On the inner surface of the jaw the tubercles for the 
attachment of the genio-hyo-glossus and genio-hyoid 
muscles arc in the foetus, opposite to, and very little below 
the base of the alveoli of the central incisors, a position 
which they afterwards hold with regard to the permanent 
incisors. The upper of the two pairs of processes are about 
at the same general level as the mental foramen. 
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The general result arrived at by measurements taken from 
these fixed points is that the alveolar arch occupied by the 
teeth which have had deciduous predecessors, namely the 
incisors, canines, and bicuspids, corresponds very closely with 
the whole alveolar arch of the child in whom the temporary 
dentition is complete ; and that the differences which do 
exist are referable, not to any fundamental alteration ^n 
form or interstitial growth, Imt to mere addition to its 
exterior surface. Or more briefly, that the front twenty 
of the permanent succeed vertically to the places of the 
temporary teeth, the increase in the size of the jaw in 
an adult being duo to additions at the back, in the 
situation of the true molars, and to otlier points on the 
surface. 

If measurements be taken across between the inner plates 
of the alveoli on either side at the points where they are 
Joined by the septa between the first and second temporary 
molars, and at about the level of the genio-hyo-glossus 
tubercles, it will be found that the increase is slight, if any, 
notwithstanding that in other dimensions there is a very 
great diflerence between the jaws of a nine months foetus 
and of a nine months child. 

f 

Again, if aiji imaginary line be stretched across between 
these two points, and from its centre a line be (Imwn 
forwards to the spina mcntalis in the same two jaws, 
this will be found to differ but little in length in the two 
.specimens. 

But, if instead of measuring to the spina mentalis, the 
line had been carried to the anterior alveolar plate, a gi;eat 
difference would have been observable ; in point of fact, con- 
temporaneously with the development of the cry2:)ts of the 
permanent teeth inside them, the temporary teeth and their 
outer alveolar idatcs arc slowly pushed outwards, a process, 
the results of which we see in the separation which comes 
about between each one of the temporary teeth, prior to 
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their being shed, when the process of dentition is being 
carried on in a perfectly normal manner. 

Measurements taken for the sake of comparing adult jaws 
with those of an eight mouths child, give closely similar 


Fio. 80 (»). 



results, which I have endeavoured to roughly embody in the 
accompanying figures. 

In these it is shown that the increase in the dimensions 
of the jaw has taken place in two directions ; by prolonga- 
tion backwards^ of its cornua concomitantly with the addition 
at the back of the series of teeth of the true molars, which 
follow one another at considerable intervals; and by 
additions to its exterior surface by which it is thickened 
and strengthened. The study of the growth of the jaw in 

(') Diagram representing a jaw of a nine months foetus, superimposed 
upon an adult jaw, to show in what directions increase has taken place. 
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vertical depth is also very instructive. We find that, as 
has already been mentioned, the history of tluit part of the 
jaw which lies below the inferior dental canal is very difl'ercnt 
from that which lies above. From the time of birth to that 
at which the temporary teeth begin to bo cut, the jaw 
below that line has been making steady but slow progress 


Fio. 81 (1). 



in vertical depth ; the alveoli, above that line, have been 
far more active but far more intermittent in their develop- 
ment. 

Again, passing from tlie nine mouths foetus to the seven 
years old child, in w’honi the temporary dentition is^ com- 
plete, the framework of the jaw below our imaginary line has 
attained to a depth almost equal to that which it is seen to 
have in an adult ; in the adult again it corresponds pretty 
well with that in an aged jaw. The alveolar portion, how- 
ever, is far deeper in the adult than in the child (this 
difference is not sufficiently well marked in the figure), and 
in fact constitutes almost the whole increase in vertical 
dimensions during the passage from the chiUrs to the 
adult^s form of the jaw. 

(q Lower jaw. The horizontal line marks the level of the inferior 
dental canal. 
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In the lower jaw wc may take it as proven that the basal 
portion has little relation to the development of the teeth, 
but that the alveolar, or upper portion is in entire and 


Fig. 82 (*). 



Fig. 83 



absolute dependence upon them, a point to which I shall 
again return il^ speaking of the eruption of the teeth. 

It remains to speak in some further detail of the precise 
means by which the enlargenicnt of the jaw is effected. 

(•) Lower jaw of an adult. 

(^) Lower jaw of an aged person, the dotted lines indicating the outline 
of the parts removed by absorption, as the jaw assumes the form charac- 
teristic of advanced age. 
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To a slight extent there is formation of bone going on at 
the symphysis, prior to the complete anchylosis taking 
place ; the share taken this in increasing the size of the 
jaw would, however, appear to bo but small, after the ter- 
mination of the intra-uterine period. Additions to the 
surface, at the edges of the alveoli and at the base of the 
jaw are eoiitinually going on, and bring about that addition 
to the exterior already noticed. 

Ikit the main increase in the size of the jaw has been in 
the direction of back^vard elongation ; in this, as Kdllikcr 
first pointed out, the thick *articular cartilage plays an 
important part. The manner in which the jaw is formed 
miglit also be described as wasteful ; a very large amount of 
bone is formed wdiich is subsequently, at no distant date, 
removed again by absorption ; or we might compare it to a 
modelling process, in which tliick, comparatively shapeless 
masses, are dabbed on to be trimmed and pared down into 
form afterwards. 

To bring it more clearly home to the student^s mind, if 
all the bone ever formed were to remain, the coronoid pro- 
cess w’ould extend from the condyle to the region of the first 
bicuspid, and all the teeth behind that would be buried in 
its base : ther# would be no “ neck ” beneath the condyle, 
but the internal oblique line w^ould be a thick bar* wrre- 
sponding in width with the condyle. It is necessary to 
fully realise that the articular surface with its cartilage lias 
successively occupied every spot along this line ; and as it 
progresses backwards by the deposition of fresh bone in its 
cartilage, it has been followed up b}' the process of absorp- 
tion removing all that Avas redundant. 

On the outer surface of the jaAv’wc can frequently discern 
a slight ridge, extending a short distance from the head of 
the bone ; but if the prominence were preserved on the inner 
surface, the inferior dental artery and nerve would bo turned 
out of their course. We have thus a speedy removal of the 



190 


A MANUAL OF DENTAL ANATOMY. 


newly-formed bone, so that a concavity lies immediately on 
the inner side of the condyle ; and microscopic examination 
of the bone at this point shows that the lacuna) of Howship, 
those characteristic evidences of absorption, abundantly 
cover its surfa(;e, showing that here at least absorption is 
most actively goiug on. 

In the same way the coronoid process, beneath the base 
of wliich the first, second, and third molars have successively 
been formed, has moved backwards by absorption acting on 
its anterior, and deposition on its posterior surfaces. 

The periosteum covering the back of the jaw is also active 
in forming the angle and the parts thereabouts. 

It is worth while to add that the direction of growth in 
young jaws is marked by a series of minute ridges ; in like 
manner the characteristic marks of absorption are to be 
found about the neck of the condyle, and the front of the 
coronoid process, and those of active addition about the 
posterior border, so that the above statements rest upon a 
basis of observation, and are not merely theoretical. Two 
cases of arrested development of the jaw (“Dental Surgery,” 
p. 108) lend a species of experimental proof to the theory of 
the formation and growth of the jaw above given. 

Irhere are authors, however, who maintain ^diat the growth 
of tJi^ jaws is not merely a backward elongation of the 
cornua, together with additions to the cxtenial surface, but 
that {in “ interstitial growth ” takes place. 

Wcdl inclines to this latter vicAv, and the question cannot, 
I think, be held to be absolutely settled. Although it is 
difficult to form any definite conception of interstitial growth 
in a tissue so dense and unyielding as bone, so that the doc- 
trines promulgated in the foregoing pages have the support 
of h •priori probability, there are some rather paradoxical 
facts to be met with in comparative odontology. Never- 
theless, there can be no doubt, that backward elongation as 
teeth are successively added, Ac., is sufficiently near the 
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truth in the case of human and most mammalian jaws for 
practical purposes. 

It remains to notice the changes in form which the 
ascending ramus and the angle of the jaw undergo. In 
the foetus the ramus is but little out of the lino of the body 
of the jaw, and the condyle little raised above the alveolar 
border. 

Gradually the line of development, as is indicated even in 
the adult jaw by the course of the inferior dental canal, takes 
a more upward direction; copious additions of bone are 
made on the posterior border and about the angle, so tJiat in 
an adult the ramus ascends nearly at right angles to the 
body of the jaw. 

In old age, concomitantly with the diminution of muscular 
energy, the bone about the angle wastes, so that once more 
the ramus appears to meet the body at an obtuse angle. 
But all the changes which mark an aged jaw are the simple 
results of a superficial and not an interstitial absorption, cor- 
responding with a wasting of the muscles, of the pterygoid 
plates of the sphenoid bone, (fee. 


ERUPTION OP THE TEETH. » , 

The mechanism by which teeth, at the date of eruption, 
arc pushed upwards into place, is far from being perfectly 
understood. The simplest theory would appear to be that 
they rise up, in consequence of the addition of dentine to 
their base ; in fact that their eruption is due to the elonga- 
tion of their fangs. 

Various vciy strong objections have been brought forward, 
clearly proving that this cause is quite inadequate to explain 
all that may be observed. In the first place, teeth with very 
stunted roots — which may be practically said to have no 
root — are often erupted. Again, a tooth may have the 
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whole length of its roots completed, and yet remain buried 
in the j.aw through lialf a person's life, and tlicn, late in life, 
be erupted. M(jreover, when a healthy normal tooth is being- 
erupted, the distance travelled by its crown materially ex- 
ceeds the amount of addition to the length of its roots wliich 
has gone on during the same time. 

To turn to comparative anatomy, the tooth of a crocodile 
moves upwards, tootli pulp and all, obviously impelled by 
something different from mere elongation; and my own 
researches upon the development and succession of rep- 
tilian teeth clearly show that a force quite independent of 
increase in their length shifts the position of, and “ erupts " 
successive teeth. But what the exact nature of the impulse 
may be, is an unsolved riddle : the explanations which I have 
read, being, to my mind, less satisfying than the admission 
that we do not know. 

Towards the eighth month of childhood the bony crypts 
which contain the temporary teeth in the front of the mouth 
begin to be removed. The process of absorption goes 
on with greater activity over the fronts of the crowns 
thnn over their apices, so that almost the whole outer 
wall of the alveoli is removed. At the back of the 
moUth the crypts still retain their inveitcdtpdges ; indeed, 
development of the crypts is still going on in this part of 
the mouth. 

When a tooth is about to be cut, very active absorption of 
its bony surroundings goes on, particularly on the anterior 
surfxce, the bone behind it being still required as forming 
part of the crypt of the developing successional tootli. But 
no ‘sooner has the crown passed up through the very w’ide 
and free orifice so formed, than absorption gives place to 
deposition, and the bone rapidly develops so as to loosely 
embrace the neck of the tooth. 

Additions to the margin of the alveoli keep pace with 
the gradual elongation of the roots of the teeth ; as this is 
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a moderately rapid process, the alveolar portion of the jaw 
increases in depth almost abruptly. 

But it does not do so uniformly all over the mouth ; if it 
did, the teeth could only be closed at the back of the mouth. 


Fig. 84 (*>. 




unless the rami elongated by an equally sudden accession of 
new bone. 

The front teeth are erupted first, and the jaw deepens 
first in front : later on the back teeth come up and the jaw 
is deepened posteriorly ; meanwhile the elongation of t\ie 
rami has been going on slowly, but without interruption. 
Thus is brought about a condition of parts allowing of 
the whole series of teeth coming into their proper mutual 
antagonism. 

(^) Jaws of a male nine months old, in which the eruption of the teeth 
is just commencing. 
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It was pointed out by Trousseau that the eruption of the 
teeth is not a continuous process, which, once commenced, is 
carried on without intermission to its completion, but tluit it 
is interrupted by periods of repose. The teeth are, according 
to his statement, cut in groups ; the eruption of the teetli of 
each group being rapid, and being succeeded by a complete 
cefsatioii of the process. Individual variations are nume- 
rous ; the following may bo taken as an approximation to 
the truth : — 

The lower centrals are erupted at an age ranging from six 
to nine months ; their eruption is rapid, and is completed in 
ten days or thereabouts ; then follows a rest of two or three 
months. 

Next come the four upper incisors ; a rest of a few 
montlis ; the lower laterals and the four first molars ; then, 
a rest of four or five months. 

The canines are peculiar in being the only teeth of the 
temporary set which come down between teeth already in 
place. 1^0 this, as well as to the greater length of their 
root (though it is not quite clear what this has to do with 
it). Trousseau ascribes the great length of time Avhich their 
eriy)tion occupies, it taking two or three months for its com^ 
pletion. According to him, children sutfeii. more severely 
from Constitutional disturbance during the cutting of these 
teeth than that of any other, but Dr. West thinks that the 
eruption of the first molare causes the most suHering. It 
may also be noted that the canines during their develop- 
ment lie farther from the alveolar border than do the other 
te^th, so that they travel a greater distance ; obviously, not 
merely from the elongation of the root, which is wholly 
inadequate to effect such a change in position. 

The dates of the eruption of the milk teeth vary much,, 
no two authors giving them alike; but the whole of the 
deciduous teeth arc usually cut by the completion of the-, 
second year. Cases in which incisors have been erupted 
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before birth are not very nncominon. At a time when the 
crowns of all the deciduous teeth have been fully erupted, 
their roots are still incomplete, and are widely open at their 
bases, so that it is not till between the fourth and sixth 
years that the temporary set of teeth can be called abso- 
lutely complete. 

At the sixth ye.ar, preparatory to the appearance of any 
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occupy a more anterior position, pushed forward, it may be, 
by the great increase in size of the crypt of the permanent 
teeth behind them. The general relation of these to the 
temporary teeth may bo gathered from the accompanying 
figure, in which it Avill be noticed tliat the canines lie Tar 
above and altogether out of the lino of the other teeth, and 
that a slight degree of overbipping of the edges of the 
permanent central and lateral incisors exists. 

(*) Normal well-formed jawa, from wliicli the alveolar plate has he»n in 
great part removed, so as to expose the developing permanent teeth in 
their crypts in the jaws. 
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The bicuspids lie in bony cells which sire embraced pretty 
closely by the roots of the temportiry molars, and it hence 
happens that extraction of these latter sometimes brings 
them away in their entirety. 

The first permanent molars are erui)ted in a manner closely 
similar to that described as occurring with the temporary 
teeth ; that is to say, their bony crypts become widely 
opened out by absorption, the crown passes out, and ncAv 
bone is rapidly formed which embraces the neck, prior to 
any considerable length of root being formed. 

Last, then, follows the absorption of the root of the tem- 
porary teeth, a matter first accurately investigated by my 
father. The root at or near to its end becomes excavated 
by shallow cup-shaped depressions ; these deepen, coalesce, 
and thus gradually the whole is eaten away. Although ab- 
sorption usually commences on that side of the root which 
is nearest to the succcssioiial tooth, it by no moans invari- 
ably does so; it may bo, and often is, attacked on the 
opposite side, and in many places at once. 

The cementum is usually attacked first, but eventually 
dentine, and even enamel come to be scooped out and 
removed by an extension of the process. That i)art of the 
dentine, however, which immediately siiriTunds the pulp 
appears to have more power of resistance than any other 
part of the tooth, and thus often persists for a time as a sort 
of hollow column. The absorption of the temporary teeth 
is absolutely independent of pressure ; the varying position 
of the excavation has already been m^ticed, and it may be 
adjded that in many lower animals, for example, the frog or 
the crocodile, the growing tooth sac passes bodily into the 
excavation made before it in the base of the tooth which has 
preceded it, while if pressure had had any share in the matter 
the cells of its enamel organ, &c., must have inevitably been 
crushed and destroyed. 

Again, when the absorption and shedding of the firat teeth 
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have taken place early, before their successors are ready to 
appear, perfect little sockets are formed behind the lost 
temporary teeth, cutting them off from the permanent teeth 

Fig. 86 (»). 



destined to follow them. Absorption, too, may attack the 
roots of permanent teeth, which is another reason for regard- 
ing- the process as not necessarily dependent upon the 
approach of a displacing tooth. Closely applied to the cx- 

(^) Jaws of a six year old child. In the upper jaw complete sockets are 
seen where the temporary incisors have been shed. 
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cavation produced by absorption is a mass of very vascular 
soft tissue, the so-called absorbent organ. The surface of 
this is composed of very large peculiar-looking cells, bearing 
some little resemblance to those known as “ myeloid cells,” 
or the “ giant cells ” of recent authors. Microscopic ex- 
amination of the excavated surface shows it to be covered 
wit^h small hemispherical indentations, the “lacuiije of How- 
ship,” into each of which one of the giant cells fitted, and in 
which they may sometimes be seen m situ, 

111 what manner these giant cells, or “osteoclasts,” effect 
their work is not known, but their presence where absorption 
of hard tissues is going on is universal. Some suppose that 
they put forth amoebiforin processes, others that they secrete 
an acid fluid, but nothing very definite is known ; a curious 
parallel is aftbrded by the manner in which a fungus can 
drill and tunnel through and through the dentine, as may 
be very constantly observed in teeth long buried. 

The process of absorption once commenced does not neces- 
sarily proceed without intermission, but may give place for 
a time to actual deposition of osseous tissue on the very 
surface eroded 3 probably by the agency of the absorbent 
cells themselves, which arc capable of being calcified in the 
excavations they have individually made. v 

These alternations of absorption and deposition, so common 
a result of inflammations of the pulp, or of the alvcolo-dentar 
periosteum, as to be diagnostic of the former occurrence of 
these maladies, often occur during the normal process of the 
removal of the deciduous teeth, and result in the deposition 
of tissue not unlike cementum in excavations made in the 
dentine, or even in the enamel. 

The eruption of the permanent teeth is a process closel}* 
analogous to that of the temporary set. Kapid absorption 
of the bone, especially on the exterior surface of the crypts, 
takes place, and an orifice very much larger than the crown 
of the tooth is quickly opened out. 
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Hence it is that the slightest force will suffice to determine 
the direction assumed by the rising crown : a fragment of a 
root of a temporary tooth, the action of the lips and tongue 
ikc.y are all potent agencies in modifying the arrangement 
of the teeth. 

The temporary teeth stood vertically, the permanent 
teeth in front of the mouth stand obliquely, thus opening a 
space between the lateral incisors and the first bicuspid for 
the canine, which during development W’as out of the line 
altogether. And, inasmuch as the crowns of the teeth are 
on the Avhole much larger than their necks, it would be mani- 
festly impossible for them all to come down simultaneously. 

The permanent teetli usually make their appearance in the 
following order : — First permanent molars, about the 
seventh year; a little later, the lower central incisors, upper 
centrals and laterals, the first bicuspids, the canines, the 
second bicuspids, the second permanent molars, the third 
permanent molars. 

The period of eruption is variable. From a comparison 
of several tables, 1 find the principal discrepancies to relate 
to the date of the appearance of the canines and the second 
bicuspids. The canine would certainly appear to belong to 
the eleventh ahd twelfth years ; but some authors consider 
that the second bicuspid is usually ewi earlier, others later 
than this date. 

We may now revert to the phenomena observed in the 
alveolar processes. They Averc first built up ^as crypts witli 
overhanging edges enclosing the temporary ^teeth : then they 
were swept away, in great part, to allow of .the eruption of 
the temporary teeth ; and next they were rebuilt about 
their necks, to form their sockets. 

Once more, at the fall of the deciduous teeth, the alveoli 
are swept away, the crypts of the permanent teeth arc 
widely opened, and the permanent teeth come doAvii through 
the gaping orifices. 
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When they have done so, the bone is re-formed so as to 
closely embrace their necks, and this at a period when but 
little of the root has been completed. 

Take for example the first upper or lower molara : their 
short and widely open roots occupy the whole depth of the 
sockets, and reach respectively nearly to the floor of the 
anfrum and the inferior dental canal. No growth, therefore, 
can possibly take place in these directions; the utmost 
available dej)th has already been reached, and as the roots 
lengthen the sockets must be deepened by additions to 
their free edges. 

It is impossible to insist too strongly upon this fact, that 
the sockets grow up with and are moulded around the teetli 
as the latter elongate. Teeth do not come down and take 
possession of sockets more or less ready made and pre- 
existent, but the socket is subservient to the position of the 
tooth ; wherever the tooth may chance to get to, there its 
socket will be built up round it. 

Upon the proper appreciation of this fact depends oui‘ 
whole understanding of the mechanism of teething ; the 
position of the teeth determines that of the sockets, and the 
form of the pre-existent alveolar bone has little or nothing 
to do with the disposition of the teeth. * 

Dfirlng the period of eruption of the permanent teeth the 
level of the alveolar margin is seen, in a dried skull, to be 
extremely irregular, the edges of the sockets corresponding 
to the necks of the teeth, whether they have attained to 
their ultimate level, or have been but just cut. 

And when tepiporary teeth have been retained for a longer 
period than’ is natural, they sometimes become elevated to 
the general level of the permanent teeth (which is consider- 
ably higher than that of the temporary teeth), so that they 
take their share of work in mastication. When this is the 
case the alveoli are developed round them, and come to 
occupy with their tooth a higher level than before. 
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Enough has perhaps been said to illustrate the entire 
dependence of the alveoli upon the teeth, a relation of which 
dentists every day avail themselves in the treatment of 
regulation cases : it remains to say a few words as to the 
forces which do determine the position of the teeth. 


Ff«. 87 (*). 



Inasmuch as when a tooth leaves its bony crypt, the bone 
does not at first closely embrace it, but its socket is much 
too large for it,* a very small force is sufficient to deflect it. 
And, indeed, a very alight force, constantly operating, is 
sufficient to materially alter the position of a tooth, even 
when it has attained to its full length. 

Along the outside of the alveolar arch the muscular lips 
arc exercising a very symmetrical and even pressure upon 
the crowns of the teeth ; so also the tongue, w'ith ec^ual 
symmetry, is pushing them outwards : between the two forces, 

(^) From a child aged fourteen. The specimen well exemplifies the fact 
that the height of the alveolar edge corresponds exactly to the position of 
the neck of each tooth, on which it is wholly dependent. A temporary 
tooth (the first right lower tcmporaiy molar) has been elevated, so that it 
has attained to the level of the surrounding permanent teeth, and the edge 
of the socket follows the level of the neck of the tooth. 



202 


A MANUAL OF DENTAL ANATOMY. 


tho lips and the tongue, the teeth naturally become moulded 
into a symmetrical arch. That the lips and tongue are the 
agencies Avhich mainly model the ai'ch is very well 
illustrated by that which happens in persons who have from 
childhood suffered from enlargement of the tonsils, or from 
adenoid groAvths in the pharynx, and arc consequently 
obliged to breathe through an open mouth. 1.^his causes a 
slight increase in the tension of the lips at tho corners of the 
mouth, and is impressed upon the alveolar arch as an inward 
bending of the bicuspids at that point ; thus persons with 
enlarged tonsils will be found, almost invariably, to present 
one of the forms of mouth known as V-shaped. 

But Dr. Norman Kingsley attaches far more importance 
to disturbed innervation than to any mechanical causes, and 
refers most dental irregularities to unhealthy conditions of 
the child’s nervous system. 

Wlicii the crowns of the teeth have attained such a level 
as to come in contact with their opposing teeth, they very 
spcedil}’, from readil}’’ intelligible mechanical causes, are 
forced into a position of perfect correspondence and an- 
tagonism ; and even at a somewhat later period than that of 
eruption, if this antagonism be interfered with, the teeth 
will often rise up so as to readjust themselveS in position. 

The roots of the central incisor teeth are completed at 
about the tenth year, the laterals a little later. 

Tho canines are not quite complete at the twelfth year, 
but both first and second bicuspids are. 

The first permanent molar is completed between tho ninth 
ancl tenth yeai\ 

The second permanent molar between the sixteenth and 
seventeenth year. 

The third between tho eighteenth and twentieth. 

These data are taken from a paper by Dr. Pierce {Dental 
Cosmos^ 1884). 



CHAPTER VIIL 

THE ATTACHMENT OF TEETH. 

xiLTHOUGH the various methods by which teeth are fixed in 
their position upon tlic bones which carry them pass by 
gradational forms into one another, so that a simple and at 
the same time al)soliitely correct classification is impossible, 
yet for the purposes of description four principal methods 
may be enumerated, namely, attachment by means of fibrous 
membrane, by a hinge, by anchylosis, and by implantation 
in bony sockets. 

Attachment by means of Fibrous Membrane. — 

An excellent illustration of this manner of implantation is 
afforded by the Sharks and Hays, in which the teeth have 
no direct connection with the cartilaginous, more or less 
calcified, jaws, b\it arc embedded solely in the tougli fibrous 
mucous membrane which covers them. This, carrying w^th 
it the teeth, makes a sort of sliding progress over the curved 
surface of the jaw, so that the teeth once situated at the 
inner and lower border of the jaw', wlierc fresh ones are con- 
stantly being developed, rotjxte over it, and come to occupy 
the topmost position (cf. description of the dentition of tjic 
sharks). That the whole fibrous gum, with its attached 
teeth, does really so slide over the surface of the jaw, W’as^ 
accidentally demonstrated by the result of an injury which 
had been inflicted upon the jaws of a shark. 

The fibrous bands by which each individual tooth of the 
shark is bound down are merely portions of that same sheet 



204 


A MANUAL OF DENTAL ANATOMY. 


of mucous membrane which furnished the dentine papillae ; 
and the gradual assiim])tion of the fibrillated structure by 
that portion of the mucous membrane which is contiguous 
to the base of the dentine papilla may be traced, no such 
fibrous tissue being found at the base of young papillae, and 
very dense bands being attached to the bases of the com- 
pleted calcified teeth. 

A large number of fisli have their teeth attached to short 
pedestals of bone by means of a sort of annular ligament, 
which allows of a sliglit degree of mobility, 'rhis would 
seem to be the case in many of those whose teeth have been 
generally supposed to bo anchylosed, such as the sargiis (cf. 
fig. 74 and fig. 7fi), although in the completed tooth the 
joint is so close that only an inspection of the developing 
tooth gives a hint as to the true nature of the attachment. 

By tlio limitation of this ligament to one side, where it is 
greatly strengthened, we pass by easy transitions to those 
more specialised arrangements characteristic of hinged 
teeth. 

Attachment by an Elastic Hinge. — The possession 
of moveable teeth, able to yield to pressure and sul)sequcntly 
to^ resume the upright position, was formerly supposed tf) be 
confined to the Lophius (Angler) and its knmediate allies. 
1 Iftive, however, found hinges in the common Pike (Rsox), 
and in the Gad idee (Cod tribe) ; so that, as they occur in 
these fish so widely removed from one anotlier in other 
respects, it is probable that further investigation will bring, 
and indeed is bringing, to light many otlier examples of 
tlys very peculiar method of attachment, eminently 
suited to, and hitherto only discovered in, fish of predatory 
4 habits. 

In the Angler, which obtains its food by lying in ambush 
on the bottom, to which it is closely assimilated in colour, 
mjiny of the largest teeth are so hinged that they readily 
allow an object to pass into the mouth, but rebounding 
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again, oppose its egress. These teeth are held in position 
by dense fibrous ligaments radiating from the posterior side 
of their bases on to the subjacent bone, while the fronts of 


Fift. 88 0). 



the bases of the teeth are free, and, when the teeth are 
pressed towards the throat, rise away from the bone, l^he 
elasticity of the ligament is such that when it has been com- 
pressed by the tooth bending over towards it, it returns it 

(^) Hinged tooth of Hake. a. Vaso dentine, h. Pulp. c. Elastic 
hinge, d. buttress of bone to receive /, formed out of bone of attach- 
ment. e. Bone of jaw. /. Thickened base of tooth, g. Enamel tip. 
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instantly into position with a snap. Many of the teeth of 
the xViigler are, like most fishes’ teeth, anchylosed firmly. 

The Hake (Merlucius, one of the Gadicla)) possesses two 
row’s of teeth, the inner and shorter of wdiich are anchylosed, 
whilst the outer and longer are hinged. 

In some respects these hinged teeth are more highly 
specialised than those of the Angler, which they resemble in 
bemg attached by an elastic hinge fixed to their inner sides, 
the elasticity of which is brought into play by its being com- 
pressed, or at all events bent over, upon itself. 

The pulp is highly vascular, and its vessels are so arranged • 
that, by entering the pulp through a hole in the ligament, 
which is about at the axis of motion, they escape being 
stretched or torn during the movements of the tooth. And 
the free edge of the base of the tooth itself is modified so 
as to be particularly fitted for resisting the jars to which a 
moveable tooth must at times bo exposed, and so is the 
pedestal of bone upon which it strikes. 

As is seen in the figure, the base of the tooth, on the side 
op])osite to the hinge, is thickened and rounded, the .advan- 
tages whicli such a form must possess over a thin edge when 
bumping upon the bone being sufficiently obvious. This 
thJbkeiied edge is received upon a little Uittrcss of bone, 
and^itj occupies a much higher level than the opposite thin 
edge to which the hinge is attached, so that the tooth can- 
not possibly be bent outwards without actual rupture of the 
ligament. 

And what is not a little remarkable is, that whilst the 
Hake, the most predatory of all the Gadidic, is possessed of 
th&e very pei'fectly hinged teeth, other members of the 
family have teeth moveable in a less degree, whilst others 
again have teeth rigidly fixed. So tliat within the limits of 
a single family we have several steps in a gradual progression 
tow'ards a very highly specialised organ. 

In the hinged teeth already alluded to the purpose served 
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by their mobility seems to be the catching of active fish, and 
the elasticity resides solely in the hinges ; but the common 
Pike possesses many hinged teeth which seem to be more 

Fid. 89 (1). 



concerned in the swallowing of the prey after it has bfeen 
caught, and there is no elasticity in the hinges, the resilience 
of the teeth being provided for in another way. 

(') Hinged tooth of Pike, a. Dentine, h. Elastic rods, formed of 
uncalcified trabeculas which might have become bone. c. Hinge, not itself 
clastic, d. Bone of attachment, c. Bone of body of jaw. 
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The teeth which surround the margins of the jaws arc 
anchylosed, and they are more or less solidly filled up in 
their interior with a development of osteodeiitine, which, by 
becoming continuous with the subjacent bone, cements them 
to it. The maimer of development of this is by rods oF 
calcifying material shooting down throiigli the central pulp 
(see page 165); in the hinged teeth also these trabecuhe 
shoot down, and become continuous with the subjacent bone, 
only instead of rigidly ossifying they remain soft and elastic, 
so that the tooth is like an extinguisher fastened down by a 
large number of elastic strings attached to different points 
on its interior, and hinged at one side. 

The elasticity is very perfect, so that the teeth depresseil 
and suddenly released return with an audible snap ; but it 
resides solely in these strings, for if these be divided by 
carefully slipping a cataract needle under the tooth without 
injuring the hinge, the tooth will stay in any position into 
which it is put. 

Amongst the very peculiar predatory fish which were 
obtained by the Challenger from great depths, and which 
have been described by Dr. Giinther, through whose kindness 
1 have had the opportunity of examining them, are several 
which possess hinged teeth. Thus in Bathysaiifus ferox, which 
lias .a Crocodile-like snout, the teeth are of no very great size, 
but they arc attached by ligamentous hinges which allow of' 
their being bent down backwards aftd inwards. The teeth 
are not perched upon any definite pedestals, so that the 
motion is not very exactly limited to one plane. But in 
Odontostomus hyaliiiiis there are some more highly specialised 
hinged teeth, which are laterally compressed, and have a sort 
of barbed point which recalls the form of some primitive 
bone fish-hooks. The vomer carries two such teeth of great 
length, behind which come some smaller ones : they are 
perched upon little bony pedestals of such form that the 
attachment being made by means of an elastic ligament on 



THE ATTACHMENT OF TEETH 


209 


one side, the motion permitted to tlie tooth is strictly 
confined to one plane. 

Thus wo have examples of hinged teeth occurring in several 
distinct orders of fish ; in Acanthopterygii (Lophius), in 


Fig. 90 (*)• 



Anacanthina (Merlucius), in IMiysostomi (Ksox, Bathysaurus, 
Odontostomus), whilst on the other hand they are not 
universal even within the limits of well-defined fixmilics. 

The points most noteworthy are, (i.) that hinged teeth 

(') Hinged tooth of Odontostomus, a predatory hsh from great depths. 
it. Enamel penetrated by dentinal tubes, h. Dentine. 
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have arisen indcpciideiitly in families of fish widely removed 
from one another, and (ii.) that, whilst the general object of 
mobility and elastic resiliency is attained in all, it is by 
different mechanisms, and by the least modification possible 
of the existing fixed teeth of the family. 

Attachment by Anchylosis. — In botli the socketed and 
the membranous manners of attachment an organised, more 
or less vascular, membrane intervenes between the tooth and 
the jaw-bone ; in tlie method now under consideration there 
is no such intervening membrane, but the calcified tooth 
substance and the bone are in actual continuity, so that it 
is often difficult to discern with the naked eye the line of 
junction. 

The teeth may be only slightly held, so that they break of!‘ 
under the application of only a moderate degree of force, or 
they may be so intimately bound to the bone that a portion 
of the latter will usually bo torn away with the tooth. 

A very perfect example of attachment by anchylosis is 
afforded by the fixed teeth of the Pike, of which the central 
core is composed of ostco-dentine. The method by which the 
entire fusion of this tissue with the bone beneath it takes 
place has already been alluded to, the similarity of its 
method of calcification with that of bone remiering the fusion 
easy find complete. 

And in certain extinct fish, whose nearest ally is now the 
anomalous Australian shark, the Cestracion Philippi, the 
lower part of the tooth is composed of osteo- dentine, which, 
so closely resembles bone itself that it is impossible to say 
at^ which point the bone may be said to commence and the 
tootli to end ; but even where this intimate resemblance in 
histological character does not exist, there is often to be 
found more or less blending of the basal dentine Avith the 
bone beneath it, so that there is even here a sort of 
transitional region. 

From the accounts which pass current in most text books. 
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it would bo supposed that tlie process of attachment by 
anchylosis is a very simple matter, the base of the dentine 
papilla, or the dental capsule, by its calcification cementing 
the tooth on to a surface of the jaw-bone already formed. 
Tn a few animals which I have examined (*), however, I 
have found tliat this conception does not at all adequately 
represent what really takes place ; it seldom, perhaps nevpr, 
happens that a tooth is attached directl}^ to a plane surfiico 
of the jaw which hsis been formed previously ; but the union 
takes ])lace through tlie medium of a portion of bone (which 
may be large or small in amount) which is specially developed 
to give attachment to that one particular tooth, and after 
the fall of that tooth is itself removed. 

For tliis bone 1 have proposed the name of “ bone of 
attachment,” and it is strictly analogous to the sockete of 
those teeth wliieh have sockets. It is well exemplified in 
the Ophidia, a descrii)tion of the fixation of the teeth of 
which will serve to convey a good idea of its general cha- 
racter. If tlie base of one of the teeth, with the subjacent 
jaw-bone, be submitted to microscopic examination, we shall 
find that the layer of bone which closely embraces the tooth 
contrasts markedly with the rest of the bone. The latjer 
is fine in textiub, its lacunte, with their very numerous fine 
canal iculi, very regular, and the lamination obviously refer- 
able to the general surfiice of the bone. But the “ bone 
of attachment ” is very coaree in te.xture, full of irregular 
spaces, very different from the regular laciinrc, and its lami- 
nation is roughly i)arallel with the base of the tooth. The 
dentine of the base of the tooth also bends iinyards (Fig. 9J), 
and its tubes arc lost in the osseous tissue, a blending so 
intimate resulting, that in grinding down sections the tooth 
and the bone of attachment often come away together, the 


(q Transactions of the Odontological Society, Dec. 1874. — “Studies on 
ilio Attachincnt of Teeth.’* 
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tooth and this boiio being more intimately united than this 
special bone is with that of the rest of the jaw. 

A study of its development also [)roves tliat it has an in- 
timate relation witli the tooth Avith which it is continuous, 
for it is wholly removed with the fall of the tooth, and is 
specially developed again for the next tooth Avhich comes 


Fr;. 01 (V). 



into position. The j)eriostenni of the rest of the jaw-bone 
appears to take an important share in the formation of this 
special bone substance, and the tooth capsule, by its ossifica- 
tion, apparently contributes little. 

Hertwig throAvs out the suggestion that parts of the tooth 
sockets and of the basal plates met Avith in fish ami reptiles 
represent the .cementum, and that it may even be that the 
bones surrounding the mouth may have originated from the 
coalescence of such i)latcs, but this view does not commend 
itself to me. 

(') Section of tooth and a portion of the jaw of a Python, showing tlie 
marked dilFerenco in character between the bone of attiichmcnt and the 
rest of the bone. 
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[q the frog the teeth are commonly described .as being 
attaclied by their bases and outer surface to a continuous 
groove, of which the external wall is the highest. Such is, 
however, an inade(|uate descri[)tion of the process, the tooth 
as seen in section Ijeing attached on its outer side by a new 
development of special bone, which extends for a short 
distance up over its exteriud surface ; and for the support 
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of its inner wall there springs up from the subjacent^ ^one 
a pillar of bone, which is entirely removed when that tooth 
falls, a new pillar being developed for the next tooth. 

When the teeth are, as in many fisli, implanted upon 
what to the naked eye appears nothing more than a plane 
surface of bone, a microscopic examination generally, in fact 
in all specimens which I have examined, reveals that the 
individual teeth are implanted in depressions much larger 
than themselves, the excess of space being occupied by new 
and specially formed bone ; or else that the teeth surmount 

(^) From lower jjiw of an Eel. a. lione of jaw. h. Hone of attachment. 
tl. Dentine. /. Enamel. Space vacated by a shed tooth. 
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pedicles, which are closely set together, the interspaces being 
occupied with a less regular calcified structure. 

A good example of the latter method is afforded by the 
Eel (Kig. i)2), ill winch each tooth surmounts a short hollow 
cyliniler of bone, the laminatimi, ifec., of which differs strongly 
from that of the body of tlie jaw-bone. When the tooth 
which it carries is shed, the bone of attachment, in this case 
a hollow cylinder, is removed right down to tiie level of the 
main bone of the jaw, as is well seen in the figure to the left 



of tl,ie« teeth in position. Under a higher magnifying power 
the bone at this point would be found to be excavated by 
“ Howship’s lacume.’^ As an anchylosis, the implantation 
of the teeth is less perfect than that of those of the snake, 
for the dentinal tubes at the base of the tooth are not de- 
flected, and do not in any sense blend with the bone beneath 
thd\n. Accordingly, the teeth are far less firmly attached, 
and break off (piitc readily. 

A transition towards the socketed type of implantation is 
furnished by some of the Cod family. Jn the haddock, for (*) 

(*) From lower jaw of a Haddock, a. l>onc of jaw. h. Hone of attach- 
luent d. Dentine of tooth. 
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example, the teeth surmount hollow cylinders of “ bone of 
attachment,” resembling in many particulars tliose of the 
eel ; the teeth do not, however, simply surmount the bony 
cylinders, but arc continued fora short distance within them, 
definite shoulders being formed which rest on the rims of the 
cylinder. The base of the tooth does not, liowevcr, contract 
or taper any more, and is widely open, scj that it cannot be 
considered that any close approximation to a root is made. 
Tlie imlp cavity of the tooth becomes continuous witli the 


Fitj. 94 (*). 



cavity of the osseous cylinder, into which tlic })ulp fe)r a 
short distance continued. Not only is tlie i)ulp continued 
down, but its odontoblast layer is traceable liere, and this 
relation of parts recalls that seen in Sargus. (Of. fig. 74, 

p. 161.) 

The bony supports of the teeth originate in many osseous 
trabecula) which spring up simultaneously fi’oni the bone of 
the jaw beneath the new' tooth j tlicsc coalesce to form a 
net-like skeleton, Avhicli rapidly becomes filled in by the 
progress of ossification. So far as ray own fescarches enable 

(^) Tooth of Mackerel, showing its iieculiar mode of anchylosi^. 
a. Tooth, h. Bone of jaw. c. Gums and stems, d. Bone of Attachment. 
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me to say, there is this much in common in all forms of 
attachment by anchylosis, no matter how different the 
naked eye results of the process may be : the tooth, as it 
comes into position, is secured by an exceedingly rapid 
development of bone, which is more or less directly an 
outgrowth from the jaw-bone itself, whicli is in some 
unseen manner stimulated into activity by the proximity of 
the tooth. In amount this specially formed bone varies 
greatly, but in all instances it is not the tooth capsule, but 
tissues altogether external to this, which serve to ‘secure 
the tooth in its place by their ossification. 

The teeth of the mackerel ])reseut an interesting variety of 
attachment by anchylosis. The margins of the jaws are 
very thin, and by no means fleshy, and in this thin margin 
there is a deep groove between the outer and inner phites of 
the bone. Fii this groove are the teeth, their shai’p points 
projecting beyond the edges of the bone, and they are held 
in their place liy a network or scaffolding of bone of attach- 
ment which is developed between their sides and the inner 
sui’face of the bone. They are, so to s[)eak, hung up in 
their place, and their open bases rest on nothing, or at least 
oil nothing hard. 

Attachment by implantation in a sotket. In this, 
as in 'anchylosis, there is a special dcvelo])mcnt of bone, 
which is modelled to the base of the tooth, but instead of 
its being in actual close continuity with the dental tissues, 
there intervenes a vascular organised membrane. The 
manner in which the sockets are, so to speak, plastered 
around the roots of the teeth, and arc perfectly subservient 
to and dependent on them, has already been described ; 
little, therefore, need be added liere, save that the soft 
tissue intervening between the bone and the tooth is not 
separable, eithei* anatomically or from the point of view of 
development, into any two layers, Init is a single membrane^ 
termed the “ alvcolo-dental periostcum.^^ That it is single 
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is a matter of absolute certainty; there is no difficulty in 
demonstrating it m sitv^ with vessels and bundles of fibres 
traversing its whole thickness from the tooth to the bone, 
or vice ver^A, , 

1'he nature and development of the sockets in those 
few reptiles and fishes Avhich have socketed teeth require 
further examination. I am not, from what I have seen in 
sections of the jaws of a young crocodile, inclined to regard 
tliem as in all respects similar to the alveoli of mammalian 
teeth. ' At all events they are not develojied in that same 
subserviency to each individual tooth ; on the contrary, 
successive teeth come up and occupy a socket which is more 
or less already in existence. 

Although there arc animals in which implantation in a 
spurious socket is supplemented by anchylosis to the wall 
or to the bottom of the socket, no example of anchylosis 
occurring betwx’en the tooth and the bone of the socket has 
ever been met with in man, or indeed in any mammal 
exemplifying a tyi)ical socketed inq)lantatiou of the teeth. 

Hukteu. Oh the Anatomy of the Human Teeth. 

Tomks, J. Dental Surgery. 1S51). 

Hiimpukhy. Ti-ansact. (\a mb. Philos. Soe. isijih 
Wimii. Pathology of the 'reeth. * 

irKUDNEU. Beitiage zur Tichre von tier Knoehencntwickelring. &c. 
Tomes, Ckaules S. Oh Vascular Dentine and Hinged Teeth. 

Philos. Transac. 1S7S, and Quart. Journal 
Jficros. Science, vol. xvii. new series. 

Traneac. Odontolog. Soc. 1 S74 - 1 S7(i. 



CHAPTEH IX. 


THE TEETH OF FISHES. 


T.\ tlio following piigos nothing more than ii brief account 
of a few t3’pical forms can be attempted ; the limits of space 
forbid the mention of main' creatures, or the insertion of 
detailed descriptions of the dentition even of the few which 
are included. In the class of fish the task of selection of 
the forms for descrijition is no easy one ; for the almost 
infinite diversit}" of dentition which exists in it makes it a 
matter of peculiar difficulty to frame ain' general account, or 
to do more than present before the reader a description of 
a few individual forms from which he may gather, as best he 
can, a general idea of piscine dentition. 

The class of Fishes is divided into four sub-classes : — 

• 

Leptoc AUDii . Heart replaced by pulsating sinuses'. Skeleton noto- 
chordal and ineinbrano-cartilaginous. iNo skull, no brain. 
CYCLOSTO.MATA. Head without bulbus arteriosus. Skeleton car- 
tilaginous and notochordal. No jaws ; mouth surrounded by a 
circular lip. 

Teleostei. Noil-contractile bulbus arteriosus. No spiral valve 
in intestine. Optic nerves decussating. Skeleton ossified, with 
completely separated vertebraj. 

PAi^yEiCHTiiVES. Heart and contractile conus arteriosus ; intestine 
with spiral valve ; optic nerve non-decussating or only partially 
decussating. 

Of Leptociirdii (the single genus Am[)lnoxus or Branchio- 
stoma) there is n^othing to bo said, as it has no jaws and 
therefore no teeth. 

The Cjrclostomata comprise the lampreys and the very 



THE TEETH OF FISHES. 


219 


peculiar parasitic fish, the Myxine and Bdellostoma, which 
bore their way into the bodies of other fish ; the cod is often 
attacked by the Myxine. The lamjn-eys, which also are pre- 
datory, attaching themselves by their sucking mouth to tlie 
bodies of otlier fish from which they scrape off the flesh, 
have a round mouth, the margins of which are beset with 
rows of small conical teeth, there being two larger blade- 
shaped teeth, called from their relative position the man- 
dibular and maxillary teeth, in the centre. 

Unfil recently little was known of the structure of horny 
teeth, but they have been investigated by Dr. Beard ((>Vn- 
tralblatt f. Wissen. Anat. iii. 18S8, nr. fi), who finds that 
the horny cone rests u])on a slight dermal papilla, and fits 
into special epidermal depressions at the base of the papilla 
(in Pteromyzon flnviatilis) ; but in P. marimis there are 
superimposed cones, “ like a nest of Chinese boxes.” Each 
of these layers arises from a separate epidermal depression, 
which goes on continually forming horn, so that the under 
cones are in no sense reserve teeth, for as each tooth is worn 
away at the apex fresh horny matter is formed below and 
pushed forwards. There is thus no resemblance to the teeth 
of higher vertebrates. 

In a young 4aniprey there are to be found whfit at first 
sight look like true tooth sacs, but the dental papilla' never 
forms any odontoblasts, and the epithelium which corre- 
sponds to the enamel organ produces horn ; this is true of 
tlie marginal teeth, but further in towards the centre the 
teeth arc formed simjdy in the basal layers of the epithelium, 
without the intervention of any sort of tooth sac. 

But ill the Myxine and Bdellostoma tbcrc is a very 
interesting and unexpected arrangement of structures. They 
have a large, sharply-iuiinted median tooth and two comb- 
like smaller teeth upon the tongue, and the working surface 
of the teeth is composed of horn similar both in structure an 
development to that found in the lamprey. 



•220 


A MANUAL OF DENTAL ANATOMY. 


Dr. Deartl describes the tooth of Ddellostoma as consisting 
of a cap of horn, ^vhich is thick and strong, and of a bright 
yelloAv colour ; beneath this comes a layer of epithelium, 
and next to this a hard calcified material, which is to be 
regarded as some form of dentine. 

I'he horny ca]) is fitted into an epithelial groove at its 
base, so tliat it incveases in length from the cells of this 
groove becoming cornified, and in thickness by a similar 
conversion of the epithelial layer beneath it. 

The hard cone which forms, so to s])cak, the body* of the 
tooth is an anomalous structure, not closely corresponding 
with any known form of dentine, but yet it is undoubtedly 
the ])roduct of an odontoblast layer upon the pulp, which 
latter remains in the base of the cone of dentine in the 
usual way. 

The great hardness of the tooth and of the h(»rny cap 
I’enders it a very difficult matter to get good sections, and 
hence the minute structure has not been very fully de- 
scribed. At the a])ex of the cone is a thin structureless 
layer, which Dr. Heard thinks may be enamel (the 
frequent occurrence of thin outer structundess layers upon 
dentine, however, woidd seem to render this determination 
open to uncertainty). Tlicre is, however, a«layer of epithe- 
liinfi, in the proper situation, which has the characters of 
an enamel organ in so far as the presence of long columnar 
cells go. 

The dentine cap appears to contain small dentinal tubes, 
and also vascular canals of larger size arranged with con- 
siclprable regularity. 

It is difficult to conceive that the presence of the calcified 
ca]) can be of much, if any, service whilst buried beneath 
the horny cap, and wo must regard these structures not && 
an early and simple form of tooth, but as being degenerated 
teeth. And they woidd thus lend support to the idea, 
already amved at on other grounds, that these fish had as 
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ancestors fish which had jaws, and teeth carried upon 
them. 

It is to be noted that the relation which the horn cone 
bears to the dental papilla and its dentine is entirely 
different from that borne by the horny teeth of Ornitho- 


Vui. 9;') ('). 





rhynehiis, in w^iieh the horny ])late which takes the place of 
teeth in the adult lies l)eneath the teeth. ' • 

It has been suggested by Dr. Beard that tlie fusion of the 
lingual teeth of Myxine into a serrated ])latc nuiy indicate 
the manner in which the serrated horny jaws of Cheloiiiaiis 
may have originated, as a substitution of horn}' tissue for 
true teeth upon which they were once superimposed, and 
similar speculations have been indulged in as to the manner 
in which the bird’s bill may have originated from the sub- 
stitution of a number of coalescent horny teeth ft)r true 

(^) Tooth of Ihlcllostoniii, Scmiiliiigraiiiinutic, sifter Dr. IJeard. d. Csil- 
ciAed dentine cap. e. (?) Enamel. A. Horny tooth, he. Epithelial 
groove in which the base is formed. 



222 


J MANUAL OF DENTAL ANATOMV. 


teeth, but the material for such geueralisation is not yet to 
hand. 

As in the matter of teeth the Puheiclithyes, comprising 
the Sharks and Kays and tlie .(ianoid tisli, present some- 
what sim])ler conditions tiian are met with in the osseous 
tish, it will he convenient to describe their teeth first, 
although in most respects they stand at the head of the 
class of fishes, and ])resent many indications of affinity with 
the Batrachia. 

In Sharks, the scales of other fish are replaced by calcified 
papilla}, which have somewhat the same structure as tlicir 
teeth: to these the “shagreen,” as shark skin is termed, 
owes its roughness. The mouth is a transverse, more or 
less curved fissure, opening u])on the under surface of the 
head at some little distance behind the end of the snout. 
Hence it is that a shark in seizing its prey turns over upon 
its back, or at all events upon its side. 

The jaws, which are made up of the representatives of the 
palato-(|uadrate arch, and of Meckel’s cartilage, neither true 
maxilhe nor premaxillee being present, are cartilaginous in 
the main (although covered with a more or less ossified 
crust), and therefore shrink and become much distorted in 
drying.- The shape of the jaws differs in the*' various groups 
(»f Plagiostomi, in some each of the two jaws being a tolerably 
perfect semicircle, while in othei*s they are nearly straight 
and parallel to one another (see fig. 96 and fig. 100) ; but 
in all the rounded Avorking surface of the jaw is clothed or 
encased by teeth, which are arranged in manj' parallel con- 
ccnjtric rows. 

The teeth, which are situated upon the edge or exposed 
border of the jaw, arc usually erect, whilst the rows which 
lie behind them, ftxrther Avithin the mouth, point backAvards, 
and are more or less recumbent, not having yet come into 
fidl use. 

In this respect, hoAvever, marked difference exists among 
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various genera of sharks ; for instance, in the great tropical 
white sliark the teeth which lie on the border of the jaw 
are erect, and all tlie successive rows are quite recumbent ; 
whereas in many of the dog-fishes the inner surface of tlie 
jaws forms an even rounded siirfiice along Avhicli the rows of 
teeth are disposed in every intermediate position between 


Fiu. ae 



those fully recumbent at the innermost part of the .jaw 
and those fully'*erected upon its exposed borders. Only a 
few of the most forward rows of teeth are exposed, a told or 
flap of mucous membrane covering in those teeth which 
are not as yet fully calcified and firmly attached to the 
gums. 

In Lamna, which may be taken as fairly illustrative, the 
teeth are aiTangod round the jaws in concentric rows with 
great regularity, tlie teeth of the successive rows con’c- 
sponding in position to the teeth of older rows, and not, as 
is the case in some other sharks, to their interspaces. They 

{}) Lower jaw of Lamna. a. Edge of flap of mucous membraue wbich 
covers the teeth not yet completed. 
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arc attached by being embedded in a densely fibrous gum, 
Avhich closely embraces their bifurcated bases; and this 
dense gum, carrying with it the teeth, slides bodily 
upwards over the inner face of the jaw, and outwards over 
its border, beyond which it, to borrow a phrase from 
geological science, has an “ outcrop.” 


Fin. 97 (*). 



Ill Lanina the second and third rows of teeth are only 
partially erect, the rows behind these lying recumbent, and 
being in the fresh state covered in by the fold of mucous 
meMibraue, which, being dried and shrunk in the specimen 
figured, falls short of its original level. 

(') Transverse section of lower jaw of a Dog-fisL. a. Oral cpitlieliimi. 
h. Oral epithelium passing on to flap. c. Protecting flap of mucous mem- 
brane (thecal fold), d. Youngest dentine pulp. c. Youngest enamel 
organ. /. Tooth about to be shed, g. Calcified crust of jaw. , 
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Thus rows of teeth originally developed at the base of 
the jaw are carried upwards, come to occupy the foremost 
position on the border of the jaw', and are cast off when 
they pass the point f in the figure. It is thus easy to 
understand why sharks’ teeth are so abundantly found in a 
fossil condition, although other indications of the existence 
of the fish are rare enough ; for every shark in the course 
of its life casts off great numbers of teeth, which fall to the 
bottom of the sea and become bedded in the deposit there 
forming. 

The teeth are never anchylosed to the jaw, nor have they 
any direct connection with it, but, as before mentioned, arc 
retained by being bedded in a very tough fibrous membrane; 
the nature of their fixation has been more exactly describc<l 
at another page (page 203). 

The sheet of fibrous gum slides bodily over the curved 
surface of the jaw, continually bringing up from below 
fresh rows of teeth, as was proved by Andre’s specimen ; 
and it may be worth while to condense from Professor 
Owen the description of the manner in which it was thus 
proved that an actual sliding or rotation of tlie membrane 
does really take place, and that the whole bony jaw itself 
does not becomj slowly everted. The spine of a sting ray 
had been driven through the lower jaw of a shark (Galeus), 
passing between two (vertical) rows of teeth which had not 
yet been brought into use ; when the specimen came under 
observation the spine had remained in this situation, trans- 
fixing the jaw, for a long time, as was evidenced by all the 
teeth of these two rows, both above and below it, beipg 
stunted and smaller than their neighbours. 

Hence the development of these teeth, which ultimately 
came to be at some little distance from the spine, had been 
profoundly modified by its presence, and it is difficult to 
understand in^what manner this could have affected them 
had they not, at an earlier period of their growth, lain iri 

Q 
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more immediate proximity to it. But if the membrane, 
with the teeth attached, did move slowly along the surface 
of the jaw, this difficulty at once disappears. 

The forms of the teeth in various sharks are different 
and characteristic ; nevertheless they vary somewhat with 
age in some species, and present differences in size and 
form in the upper and lower jaws, or in different parts of 
the 'mouth of the same individual. For instance, in Lamua, 
in the upper jaw, the third teeth of each horizontal row, 
counting from the middle line, are very small, while iii both 
jaws there is a gradual diminution in the size of the teeth 
towards the back of the mouth. 

Thus, although it is often possible to refer a particular 
tooth to its right genus or even species, much care is re- 
quisite in so doing. 

The teeth of the bloodthirsty white shark (Carcharias) 
are triangular flattened plates, rounded on their posterior 
aspect, with trenchant slightly semited edges ; it is pointed 
out by Professor Owen that if the relation between the size 
of the teeth and that of the body w^ere the same in extinct 
as in recent sharks, the dimensions of the teeth of the 
tertiary Carcharodon would indicate the existence of sharks 
as large as whales. < 

Thd intimate relationship between the teeth and the 
dermal spines, which from the standpoint of development, 
has been illustrated at page 2 and page 101, is apj)arent 
also in their histological structure. There are many dermal 
spines to be met with in the sharks, which seen alone could 
not possibly be distinguished from teeth, the resemblance 
bo&i in outer ‘form, in minute structure, and manner of 
development being most complete. The tooth figured on 
page 70 is a fair example of a structure very common among 
the sharks, viz., a central body of osteo-dentine, the outer 
portion of which has dentinal tubes so fine, regular, and 
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closely packed as to merit the name of h^rd unvascular 
dentine, and over this again a thin varnish of enamel. (1) 

And yet no observer from its structure alone could feel 
sure whether it was a large dermal spine or a tooth. Dental 
tissues occur in other parts of the mouths of Selachia than 
upon the jaw’s, not only in the embryonic stages, but in the 
adult. Thus Professor Tunier has described (Proc. Hoy. 
Society, Edinburgh, 1880), very numerous comb-like ap- 
pendages 5 inches long upon the branchial arches of the 
Haskihg Shark (Selache maxima), which apparently perform 
the same function as whalebone in straining the water. 
These combs are formed of a variety of dentine (? ostco- 
dentinc), and closely resemble in structure the true teeth, 
which arc, however, very small in this shark. 

In the seas of Australia there exists a Shark, the Cestracion 
Philippi, with a very aberrant dentition, to which great 
interest attaches, inasmuch as it is the sole surviving re- 
presentative of forms once spread all over the world. In 
the front of the mouth the teeth are small and very numer- 
ous ; they are flat plates fitted by their edges to one another, 
while from their centres spring up sharp points, soon worn 
off when the tooth reaches such a position upon the jaw that 
it comes into i«c. 

Proceeding backwards, the teeth cease to be pointed, 
increase in size, and become fewer in each row ; a reference 
to the figure will convey a better idea of their general form 
than any description. Those which have come into use 
are, towards the back of the mouth, always much worn ; 
their shedding and renewal takes place, as in other shafks, 
by a rotation of the mucous membrane over the surface of 
the jaw, so that, as might have been expected, large 
numbers of the isolated fossil teeth of Cestracionts arc to be 
met with. 

The teeth of the Cestracion are fitted for the trituration 
of hard substances, and for such they are used, its food 

Q 2 
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consisting of shell-fish, «fec. The teeth consist of a body of 
dentine partaking of the character of osteo- rather than of 
vaso-dentine, whilst the surface layer of the dentine, is made 
up of sharply-defined layers of fine parallel dentinal tubes, 
curiously gathered into bundles, which taper both towards 
the surface and towards the deeper part of the tooth. 


Vui. 98 



The extinct Cestracionts extended far back in time, being 
met with in palaeozoic strata, and they were^ equally widely 
distribjited in space ; the size of many of the teeth also 
indicates the existence of forms much larger than the recent 
timid and inoffensive Cestracion Philippi. Many of the 
extinct forms are known only by isolated teeth ; of others, 
portions of the jaw with teeth m situ have been discovered ; 
thus fragments of the jaw of Acrodus, the isolated fossil 
teeth of which have been compared to fossil leeches, with 
seven teeth arranged in series, have been met with. 

(^) Lower jaw of Cestracion Philippi, a. Young teeth not yet in use. 
b. Large grinding back teeth, c. Small i)ointod front teeth. 

The new teeth are developed at the bottom of the series on the inner 
side, and, just as in other sharks, are covered in by a flap of mucous 
membrane. 
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The Pristis, or Saw-fiah, so far as the mouth is concerned, 
is m no way remarkiable, its teeth 
being small and blunt, like those Fio. 99 (*). 


of many rays. The snout is, how- 
ever, prolonged to an enormous 
length, and is shaped like a 
gigantic si)atula, its thin edges 
being beset by dermal spines of 
large ^ size, arranged at regular 
intervals, and implanted in dis- 
tinct sockets. These dermal spines, 
or rostral teeth, as they are 
sometimes termed, are not shed and 
replaced, but grow from persistent 
[)ulps ; in structure they closely 
resemble the teeth of Myliobates 
(sec page 56), being made up of 
l)arallel denticles, in the centre of 
each of which is a ))ulp cavity or 
medullary canal. 

What use the Saw-fish makes of 
its armed snout is not very certainly 
known, but itS rostral teeth arc of 
interest to the odontologist for 
several reasons — the one that they 
arc dermal spines, having a structure 
all but identical with that of the 
actual teeth of another ray, the 
Myliobates ; the otlicr tliat they arc 
socketed, a manner of implantation 
not at all common amongst th 



{}) Rosinim and under side of the head of a small Pristis. o. Mouth. 
h. Rostrum, c. One of the rostral teeth. 

The teeth, with which the margins of the jaw are covere 1, ara so small 
that they cannot be represented in this figure. 
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teeth of fishes ; and yet^ another, that they grow from per- 
sistent pulps, also unusual in fishes. 

Broadly speaking, the teeth of the Bays (skates) differ 
from those of typical sharks by being individually blunter, 
and being more closely set, so that they form something 
approaching to a continuous pavement over the jaws, with 
but little interspace left between the teeth. 

The dentigerous surface of the jaw is very much rounded, 
and in some is completely encased under a pavement of 
teeth. Thus, in Myliobates, the powerful jaws are straight 
from side to side, while their working surfaces from back to 
front are segments of a circle. The teeth form a thick and 
strong pavement over the jaws, in the manner of their 
formation and renewal conforming with the teeth of other 
Plagiostomi ; the severe use to which they are put being 
indicated by the extent to which the grinding surfaces of 
those teeth which have come into use are worn down. 

Several genera have the jaws thus covered, the number 
of the teeth differing ; thus Myliobates has a central series 
of very broad, oblong teeth, to the outer sides of which arc 
three rows of small hexagonal teeth ; in (Ktobatis the large 
oblong central plates constitute the whole armature of 
the jaw. • 

The structure of the teeth of Myliobates has already been 
described and figured (see page 56). 

Near the borderland between fish and amphibia is the 
Lepidosiren, or Mud-fish, which is a fish rather than an 
amphibian. The armature of its mouth is peculiar, the 
margins of the, lower jaws being formed by dental plates 
anchylosed to the bone. These plates have upon their 
edges five deep angular notches, the prominence of the 
upper plate corresponding to the notches of the lower ; 
and the edge is kept somewhat sharp by the front surface 
being formed of very dense hard dentine, while the bulk 
of the tooth is permeated by large medullary canals, which 
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render it softer. The cutting plates of the upper jaw are 
developed in the median line of the palate, and there are 
in front of them conical piercing teeth upon that forward 
prolongation of the cartilage which takes the place of a 
distinct vomer ; these have sometimes been described as 
being upon the nasal bone. 

It would seem that the two conical piercing teeth serve 


Kiu. 100 0). 



as holdfasts, while the cutting edges oi tiie decply-nc/tched 
plates are brought into play to slice up the food. 

Both in structure and general disposition the dental plates 
in Lepido^iren are paralleled by the teeth of Ceratodus, for 
some time known only as a fossil, but of which recent 
examples have been captured near Queensland. ^ 

This resemblance was suspected some years ago by my 

(^) Upper and lower jaw of Myliobates. At a, the mosaic pavement 
formed by the broad flattened plates which constitute its teeth is seen, 
these being the oldest teeth which are about to be shed off in consequence 
of the rotation of the whole sheet of mucous membrane over the surface of 
the jaws. The letter h indicates the under surface of one of the plates, 
which is seen to be finely fiuted on its edge. 
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friend, the late Professor Moseley, of the CJiallenger, and 
since worked out by other observers. 

Amongst ganoid fish great diversity of dentition exists. 
Thus the sturgeons have no teeth, the mouth being at the 
lower surface of the snout, and being protrusible as a sort of 
suctorial tube. In the larval stages, however, the sturgeon 
possessed teeth. In the allied Spatularia there are numerous 
very minute teeth, whilst there are numerous extinct ganoids 
with large blunt-pointed teeth upon the palate and 
mandible. 

Lcpidostcus, the structure of whose teeth has been 
described on page 51, has a long pointed snout furnished 
with large sharp conical teeth. 

The Teleostei^ or osseous fish, form the group which com- 
prises all the fish most familiarly known to us, and within 
its limits the variation in dentitions is so great that few, if 
any, general statements can be made about them. It is not 
uncommon to find teeth crowded upon every one of the bones 
which form a part of the bony framework of the mouth and 
pharynx, and the teeth are sometimes in countless numbers. 
And such is the variability that even within the limits of 
single families great differences in the teeth are to be found. 

The teeth of fish are of all degrees of size Jliid of fineness ; 
in somb (Chmtodonts) the teeth are as fine as hairs, and are 
so soft as to be flexible ; they formerly were supposed to be 
homy, but I find that the larger ones are composed of a 
vascular dentine surmounted at the tip by a curious little 
hook of enamel. 

In the finest teeth there is hardly room for vascular 
canals, but no one can doubt their derivation from the larger 
form, so that the idea that these teeth are horny must bo 
abandoned in toto. 

Teeth which are very fine and very closely set are termed 
“ dents en velours,” “ ciliiform ” or “ seliforin ; ” when they 
are a little stouter, “ dents en brosse,” or “ villiform,” and 
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when still stronger and sharper, “ dents en cardcs.” Teeth 
that are conical, wedge-shaped, spheroidal, and lamelliform, 
tire all to be met with ; in fact there is infinite diversity 
in the form of fishes’ teeth. 

And there are some fish, some of the large Siluroid 


Fig. 101 (»). 



fishes, which have very strong, large teeth, an incli and a 
half or more long, and very firmly anchylosed to the bone. 

The long and very strong snout of the Sword Fish, formed 
by a coalescence of maxillary and inter-maxillary bones, whi^ch 
is able to pierce a plank, is roughened on its lower surface by 
villi form teeth which can bo of no use, and are therefore to 
bo regarded as rudimentary survivals. 

In the common pike the mouth is crow'ded with sharply- 

{}) Teeth of the species of Ghsetodon. The recurved enaincl tips are 
apparently structureless. 
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pointed teeth, liaviiig a general inclination backwards, and 
being in some parts of the mouth of larger size than in 
others. The margin of the lower jaw is armed with teeth of 
formidable size and sharpness, the smallest teeth being at 
the front, where they arc arranged in several rows, and the 
largest being about the middle of the side of the jaw. A 
pike, as is well known to anglers, when it has seized a fish 
often holds it «across its mouth, piercing and retaining it by 
means of these largest teeth ; then, after holding it thus for a 
time, and so having maimed it and lessened its power of^cscape, 
it swallows it, generally head foremost. The tenacity of the 
pikers hold is often illustrated when it takes a bait, and 
retains it so firmly that wlieii the angler “ strikes ” the 
hooks do not get driven into the fish\s mouth ; but after 
tugging at the bait for a time the pike releases it, and the 
angler finds that it lias never been hooked at all. 

The margin of the upper javr is not bordered by teeth, 
save at the front, where the intermaxillaiy bones carry a 
few" teeth of insignificant dimensions ; indeed, it is rather 
exceptional for the true maxillary bones to cany teeth in 
osseous fish. The roof of the mouth presents three wide 
parallel bands of teeth, those in the median band (on the 
vomer) being directed backwards, those iV})on the lateral 
bailds (on the palatine bones) back^vards and inwards. 
Some of the latter teeth are very large, but not quite so 
large as those at the sides of the lower jaw. 

The marginal teeth are firmly anchylosed, but the tectli 
upon the palate are all hinged, and in such a manner that 
tl^cy can only bend exactly in one direction. Those of the 
vomerine band which lie in the middle line, will bend back- 
wards only ; those upon the outer margins of this baud 
backwards, with an inclination outwards. Those of the 
lateral or palatine bands bend obliquely backwards and 
inwards, about at an angle of 45 within the median line of 
the mouth, or somewhat more directly backwards. To a 
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body sliding over them in one direction they offer no 
resistance, bending down as it passes, and springing up as 

Fm. 102 (1). 




(0 Jaws of a Pike, viewed from the front, with the mouth opened more 
widely than is natural, so as to bring the teeth into view, a. Group of 
teeth situated on the palatine bone, h. Group of teeth situated on the 
vomer, c Group of teeth situated on the lingual bone. d. Specially 
large teeth, placed at intervals round the margin of the lower jaw. 
e. Group of teeth on the intermaxillary bones. 

' The diagram beneath represents the direction in which the hinged tooth 
of the vomerine and palatine bands can bend. 
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tlie pressure is removed from them, but to ixiiy thing moving 
ill any other direction they are rigidly fixed sharp curved 
stakes impeding its further progress. 

An elongated body of some size, such as a living fish, 
can only be swallowed by the pike when it is arranged 
lengthwise in the mouth ; crosswise it cannot possibly enter 
the throat. The hinged teeth on the palate seem ad- 
mirably arranged for getting tlic fish into a longitudinal 
position and keeping it there : for, if we imagine the fish’s 
body field up against these teeth, and consider the direction 
in which the liinging of tlie teeth allows them to yield, it 
will be seen that every motion tending to arrange the body 
lengthwise, either ill the median line of the mouth or in 
either of the interspaces between the vomerine and palatine 
bands of teeth, will meet with no obstruction, but in every 
deviation from this position it will be cauglit on the points of 
tlie teeth and resisted. Thus witli the pike’s mouth shut, 
and the fish kept up Jigainst the palatine teeth, even its own 
struggles will be utilised by every movement tending to 
place it aright being allowed, and every other stopped by 
the bands of hinged teeth entangling it. The structure of 
these teeth, and the mechanism by which they are rendered 
elastic, have been already described (page J07). 

Tlie lingual bone, and the three median bones behind it, 
carry small teeth arranged in oblong patches ; the internal 
surfaces of the branchial bones (which support the gills) 
are armed with similar small teeth ; while the last or fifth 
branchial arch (which carries no gills, the bones forming 
itj. being called inferior pharyngeal bones,) carry larger 
teeth. The superior pharyngeal bones (which are median 
portions of the four anterior branchial arches) also carry 
recurved teeth larger than those which line the rest of the 
internal surfaces of each of the branchial arches. 

The pike’s mouth and pharynx thus fairly bristle with 
teeth, all directed somewhat backivards; and anyone wrho 
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has been unfortunate enough to have allowed his fingers 
to got entangled in the mouth of a living pike will realise 
how small a chance its living prey has of escape, when once 
it has been seized. 

The teeth of the pike arc composed of a central body of 
osteo-dentinc, on the outside of which is a layer in which 
the dentinal tubes are directed towards the surface, as in 
hard or unvascular dentine (see fig. 37) ; while the outer- 
most portion of all is a very dense and hard, and apparently 
structureless, enamel film. The teeth are anchylosed to the 
bone, and arc very frequently renewed, their successors 
being developed at one side of their bases. 

Though the pike has rather more teeth than many other 
fish, it may be taken as a fair example of most osseous fishes 
in this respect. Space will only allow of a few of the more 
exceptional forms being here described. 

The angler (Lophius piscatorius), another predatory fish, 
with an enormous mouth and disproportionately small body 
and tail, lies hidden in the mud, or crouched upon the 
bottom, and makes a rush upon smaller fishes Avhich ap- 
proach sufficiently near to it; it is remarkable for the 
manner of attaclimcut of the teeth, some of the largest of 
which upon the midges of its jaw's do not beemne anchylosed, 
but arc so attached, as has been described at p. 204, as to 
allow of their bending in and towards the mouth, but not in 
the opposite or indeed any other direction. The teeth of 
the outer row are firmly anchylosed to the margins of the 
jaw, and the far larger hinged teeth from a sort of irregular 
second row. ^ 

The benefit of such an arrangement to a fisli of its habit 
is sufficiently obvious ; its jtecth allow the utmost freedom of 
entry, but offer obstacles to anything getting out again. 

This aiTangement of teeth, long supposed to be unique, is 
closely paralleled in a very different fish, the Hake (Mer- 
lucius, one of the Gadidsc). This fish, the most active and 
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predatory of the Cod family, follows shoals of pilchards and 
of herrings, themselves active fish, and feeds upon them. 
The margins of the jaws carry two distinct and regularly 

Fm. 103 (*). 



arranged rows of teeth, an outer smaller row which arc 
anchylosed, and an inner longer row which are hinged. 
They are very sharp, being tipped with spear points of 
enamel, and are recurved. In the fresh state they look 
quite red, being composed of a Ticlily vascular vaso-dentine. 

Again, in several of the deej) sea fish dredged by the 

(^) Bones of the mouth of the Wolf-fish (Anarrhicas lupus). The letter 
(i, indicates the divergent pointed teeth which occupy the intermaxillary 
bone ; the letter d. indicates the similar teeth which are attached to the 
front of the mandible, on the middle and back parts of which are round- 
topped crushing teeth (c). Strong crushing teeth are found also upon the 
palatine bones (6), and upon the vemer (c). 
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Ghallenffer from the depths to which light does not pene- 
trate, hinged teeth have been found (cf. p. 209). Many of 
these deep sea hsh have very formidable dental armaments, 
and curiously enough, one of these, which has exceptionally 
long upper teeth, has a downward projection from the lower 
jaw, which serves to protect them while closed, an arrange- 
ment elsewhere only met with in extinct mammalia, such as 
Dinoceras and Machairodus figured later on in this w^ork. ’ 

Another curious dentition is possessed by the Wolf-fish 
(Anarrhicas lupus), also an inhabitant of British waters, 
and sometimes to be seen in London fishmongers' shops 
under the name of the sea »cat. The intermaxillary teeth 
are conical, bluntly pointed, and set forw^ards and outwards ; 
tliese are antagonised by somew'hat similar teeth in the 
front of the lower jaw. The palatine bones carry short, 
bluntly conical, or round-topped crushing teeth in a double 
row : the vomer is also armed with a double row of very 
much larger and shorter teeth; the lower jaw, wdth the 
exceiJtion of its anterior part, is occupied by teeth of similar 
character. 

All the teeth of the Wolf fish are anchylosed slightly to 
the bone, a definite process from w hich forms a sort of short 
pedestal for each tooth. The jaw^s arc w^orked by muscles 
of great power, and it seldom happens that a specinien is 
examined in which some of the teeth arc not broken. It 
feeds upon shell-fish, the hard coverings of which are 
crushed by the blunter teetli, while the pointed front teeth 
apparently serve to tear the shell-fish from the rocks to 
which they are commonly attached. 

In the group of fish known as “ Gymnofionts " (naked 
toothed), the teeth and the margins of the dentigerous bones 
form a sort of beak, which is not covered by the lips. The 
example here figured consists of the upper and lower jaw^s of 
the Diodon, so called because it appears to casual observers 
to have but two teeth. A kindred fish in which the division 
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of each jaw in the middle line is conspicuous, is similarly 
called Tetrodon. The jaw consists of teeth and bone very 
intimately fused together ; the broad rounded mass (c. in 
the figure), which lies just inside the margin of the jaw, is 
made up of a number of horizontal plates of dentine, the 
edges of which crop out upon its posterior surface; and 
these are united to one another by the calcification of the 


Fkj. 101 C). 



last remains of the j)ulp of each plate into(*) ** a sort of osteo- 
dentine, the different hardness of the two tissues keeping 
the surface constantly rough, as the plates become worn away. 
The whole margin of the jaw is similarly built up of smaller 
horizontally disposed denticles, or plates of dentine, which 
arc, as they wear down, replaced by the development of 
fresh plates, wjiich are added from beneath, where they are 
developed in cavities situated low down in the substance of 
the bone. 

(*) Jaws of the Diodon. a. Base of the dental plates, where new lamellie 
of dentine are being developed, h. Margin of jaw, formed mainly by the 

sides of the denticles, c. Compound tooth, made up of the 8ui)crimposed 
lamellso of dentine anchylosed together. 
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The new teeth or plates of dentine thus formed at the 
base of the hemispherical masses within the jaws (at the 
point a), or low down in the substance of the jaAv, do not 
come into use by the ordinary process of displacing their 
predecessors, and being in turn themselves replaced, but 
fresh plates only come into use by the actual wearing away 
of all that is above them, both dentine and bone, so that 
they come to be tlie topmost portion of the jaw. The 
margins of the jaw are, however, mainly built up of dental 
tissues, there being l>ut little bone in their interspaces. 

^.Fetrodon has not the rounded triturating disk of the 
Diodon, or has it but feebly represented ; and the margins 
of the jaws are sharper. 

In the parrot-fishes (Seams), which are very nearly 
allied to the Oymnodonts, somewhat similar beaks are found, 
the individual teeth being more conspicuous. The whole 
outer surface of the jaw near to its working edge is covered 
by a sort of tcsselatcd pavement, formed by the several 
teeth which arc pressed together into a mass, but they form 
only the outer surface and the immediate edge, so that the 
soft bone forms a part of the w’^orking surface, or would do 
so but that, by its more speedy wear, it leaves the edge, 
formed by dentiiie and enamel, always prominent and more 
or less sharp. 

The structure and succession of these teeth have been 
carefully described by J. von lloas (Zeits. f. Wissen. Zool. 
xxxii.), and the differences between the several genera 
])ointed out. He describes cementum as binding the 
denticles together and forming a part of the working edgp, 
but that which he describes as cementum appears to mo to 
be that tissue which I have termed “ bone of attachment.” 
See page 211. 

In a section of a jaw in my possession, which I believed 
to have belonged to a Gymnodont fish but which bears a 
remarkably close resemblance to that figured by von Boas 
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os being a jaw of Pseudoacarus, a very beautiful arrange- 
ment serves to preserve the sharpness of the edge of the 
jaw. 

The denticles are conical, and form a scries of hollow 
superimposed cones with the points upwards ; they consist 


Fig. 105 {}). 



of dentine and enamel, and the point of the subjacent cone 
fifs up into the hollow of thp,t above it so closely that 
in voii Boas* specimen the dentine of the older tooth is 
in great part absorbed to make way for the point of. its 
successor, so that the working denticle comes to be little 
more than a hollow cone of enamel. This is not the case in 

(1) Edge of jaw of Pseudoscarus (?) a. Deoticles. b. Bone of jaw. 
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my specimen, in Avhioh there is a quantity of dentine left 
in each denticle. This vertical series of superimposed 
sharp cones lie in the midst of the somewhat thin jaw bone, 
fused together by cementum (? bone of attacliment), and 
enclosed between the inner and outer plates of the jaw. 

The bone being much softer than the denticle wears 
down much faster, so that the edge is always formed by a 
prominent sharp tooth, whicli, as the w’earing down of the 


Fia. 106 (»). 



bone progresses, falls off, and the next one beneath it comes 
into play. The arrangement recalls the way in whicli a 
scythe or a chisel is assisted in keeping its edge by being 
made of a plate* of steel welded between two plates of , softer 
iron. 

The pharyngeal bones are also remarkable ; the two lower 
are uqited into one, and the stout bone so formed is armed 
with teeth ; it is antagonised by two upper pharyngeal bones 
similarly armed. It carries teeth which arc anchylosed to 
it, and which are so disposed as to keep the surface con- 
stantly rough. When they are freshly formed the teeth 
have flattened thin edges, something like human incisors. 

‘b Lower pharyngeal bone of Pseu.loscarus. «. Posterior border, at 
which the teeth are unworn, c. Oval areas formed by teeth, the points 
of which are worn off. b. Anterior edge of bone, at which the teeth are 
almost completely worn away. 
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The teeth are coated with enamel, and thus, when caloiti- 
cation has proceeded so far as to obliterate their central 
pulp cavities, after the tooth is worn to a certain point 
(c in Fig. 106) it presents a ring of enamel, inside which 
conics a ring of dentine, and inside this a core of secondary 
dentine, as seen in the figure. Owing to the different hard- 
ness of the three tissues a constant roughness of surface is 
maintained. The ujiper pharyngcals are similarly armed ; 
and as the teeth and the supporting bone wear away, fresh 
teeth are developed at the front, so that the whole bone 
undergoes a sort of gliding motion backAvards, the armature 
of the loAver pharyngeal being renewed in a similar manner, 
save that neAv teeth and bone arc developed at its posterior 
instead of its anterior extremities. 

The teeth arc develojied in bony crypts, beyond the 
youngest functional tcctli, and perforations in the roofs of 
the crypts give passage to the connecting band betAvcon the 
tooth sac and the mucous membrane. 

The Sheep’s-head fish (Sargus), to whicli attention has been 
draAvn on account of the peculiarities of structure Avhich it 
Avell exemplifies, has curiously human-like incisors in the 
front of the mouth, and round-topped crushing teeth inside. 

No more fitting place Avill occur for noticing the stout 
pharyngeal teeth Avhich are met Avith in so many fish. 
Some fish, Avhich arc edentulous so far as the moutli proper 
is concerned, have the pharyngeal bones armed Avith teeth ; 
in the carp and its allies, edentulous so far as the mouth 
proper is concerned, the two lower pharyngeal bones carry 
lo^yg pointed teeth, which partly oppose one anotlier, and 
partly oppose a sort of horny tubercle, which is supported 
on a process of the base of the occipital bone. 

A fcAv fish arc quite Avithout teeth ; the sturgeon, whose 
mouth forms a protrusible sucker, is edentulous, as arc also 
the pipe fish, and the little sea-horse (Hippocampus), now so 
common in aquaria. 
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But as a rule fish are remarkable for the great number of 
their teeth, which are being constantly shed off and replaced 
by successors an indefinite number of times. 

In all the fish hitherto mentioned in these pages, it 
happens that the teeth in different parts of tiie mouth differ 
in size and in the function which they have to perform, 
but this is only so because a few striking forms have been 
naturally selected for description. It is far commoner for 
all the teeth of a fish, particularly of those fish which have 
countless numbers of teeth, to be very nearly alike in form 
and size in all parts of tlie mouth. As a general rule, fish 
do not comminute their food very fully, but make use of 
their teeth simply for the prehension of prey, not submitting 
the food to any mastication whatever ; their teeth are hence 
often mere sharp cones, slightly recurved, or set looking 
backwards. Thus, though the mouth of the common pike 
is beset with an immense number of sharp teeth, its food is 
swallowed whole, and very often is alive when it reaches the 
stomach, the sole purpose served by the teeth being the pre- 
vention of its escape when once it has been seized. 

Implantation of the teeth in sockets is not usual in the 
class of fish, but it does occur ; for example the Barracuda 
pike (Sphyncifti) has its lancet-shaped teeth implanted in 
distinct sockets, to the walls of which they arc sa*ld to 
become slightly anchylosed ; the file-fish and others might 
also be cited. And although the succession of teeth is 
usually from the side, in some cases the successional teeth 
are developed in alveolar cavities within the substance of 
the bone, and displace their predecessors in a vertical direc- 
tion, as happens in the pharyngeal teeth of the Wrasses, 
or the incisors of the Sheep Vhcad fish (Sargus ) ; the 
Lepidosteus also has its teeth affixed in incomplete sockets, 
to the Avails and bases of which they are anchylosed ; this is 
not a very uncommon arrangement Avith the teeth of the 
fish when they , arc socketed at all. 
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It is not common for sexual differences to be mot with 
between the teeth of the male and female, though a slight 
difference exists between the sexes in some species of Skate. 
And although not strictly speaking a dental character, it 
may not be out of place to mention here the peculiar 
armature of the jaw of the male Salmon at the breeding 
season. 

The end of the lower jaw becomes produced, and turned 
upwards at its point; the stout cartilaginous hook thus 
formed is of such dimensions that it has to be accommo- 
<lated during closure of the mouth in a deep cavity formed 
for it between the intermaxillary bones. In some Canadian 
salmon tliis process is supposed to be constant in the older 
males, but in the British fish it disappears, and only exists 
at the breeding season. A fish in which it is strongly 
developed is a foul fish, and is called a Kelt. It is used 
apparently as a battering ram, and such salmon are con- 
stantly found killed, with their sides deeply gashed by the 
charges of their opponents. 

Not much can be said in general terms of the structure 
of the teeth of fish. The bulk of the teeth of most fishes 
is made up of one or other modification of vaso-dentine or 
osteo-dentiiie ; this is often glazed over upon? its exterior by 
a thfn film of enamel, so thin as often to appear structure- 
less. 

Un vascular dentine also forms the teeth of many fish, 
and in some is remarkable for the fineness of its tubes ; in 
fact, every form of dentine, from fine-tubed liard dentine to 
tissj^ie indistinguishable from coarse bone, is to be found in 
this class. 

Dentine of very complex structure (labyrintho-dentine) 
is met with in some fish ; and an example from the Lepi- 
dosteus (American garpike, a ganoid fish) has been figured 
at page 51. 

Enamel is often present in a very thin layer, glazing the 
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exterior of the dentine (see Fig. 38) ; sometimes it forms a 
mere tip, a sort of spear-point to the tooth, as in the Eel and 
the Hake and in Chastodonts (see Figs. 92 and 101), and 
sometimes it is very thick, and itself permeated by systems 
of tubes (see Fig. 8). 

(Jementum is of comparatively rare occurrence in fish. 

I’rofessor Kollikcr has shown that in a very large number 
of fishes the skeleton more nearly resembles dentine tban 
true bone in its structure. This is especially the case upon 
its surface, the jaw of the Wrasse, for instance, presenting a 
fine-tubed layer with no lacunm or other irregular spaces ; 
whilst the dermal scales and protective spines of fish are 
made up of a tissue much resembling dentine (cf. Professor 
Williamson, Philos. Trans. 1849). We may say, then, that 
just as in the external skin bony or dentinal plates arc 
developed for the purpose of protecting it from destruction 
by attrition, so for a similar purpose teeth arc developed in 
that portion of the mucous membrane which covers the 
aws. 



CHAPTER X. 

THE TEETH OF BATRACHIA AND REPTILES. , 

In these classes the teeth are never so numerous nor so 
widely distributed upon the bones of the mouth as in fish ; 
a double row of teeth arranged in concentric lines in the 
upper jaw, between which a single row of teeth upon the 
lower jaw passes when the month is closed, is an arrange- 
ment rather common amongst Batracliia. 'riie outer of the 
two rows of teeth in the upper jaw is situated upon the 
premaxillary and maxillary bones, and usually extends 
further back than the vomerine or inner row. Almost all 
llatrachians and Reptiles have an endless succession of 
teeth ; but there are some Lizards {e.g. the Ohamicleon and 
Hatteria) in which no replacement takes place. 

f‘rom this type of dentition there arc mfeiny deviations • 
thus'the toads are edentulous, and the frog has no teeth in 
the lower jaw. 

The teeth of the frog form a single row upon the margin 
of the upper jaw, their points projecting but little above 
the surface of the mucous membrane, and the vomerine 
teeth are few in number and cover only a small space. 

The edentulous lower jaw passes altogether inside the 
row of upper teeth, and, having rounded surfaces and no lip, 
fits very closely against the inner sides of the teeth. Thus 
it leaves very little room for the young developing tooth 
sacs, which are accommodated with the space required for 
the attainment of their full size, by the absorption of the 
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older solid bone and the tooth which has preceded them, 
in the following manner. The teeth are attached to the 
bone by anchylosis, each tooth being perched upon a little 
pedestal of bone which is si)ecially formcfl for it ; and the 
successional teeth, the germs of which originally lay at 
the inner sides of the old teeth, commonly undermine the 
sides of the pedestals and the bases of the latter, and move 
bodily beneath them, so that the new tooth completes 
its development in what was once the pulp cavity of its 
predecessor. 

The teeth of the frog consist of a body of hard dentine, 
coated with an exceedingly thin layer of enamel, the exist- 
ence of which has been doubted by some writers ; but a 
study of the tooth-sac of the animal renders it probable that 
the transparent layer which is undoubtedly there is reall}’^ 
enamel. 

The teeth of the newt and its ally the salamander are 
remarkable for having tips of enamel, somewhat like those 
of the eel (see Fig. 92), save that they are bifurcated, the 
one point being larger and longer than the other. 

The armature of the mouth of the tadpole is peculiar and 
interesting. Upon its cartilaginous jaws arc tough, horny 
plates, somethiftg in general shape like a turtle’s bill ; but in 
addition to these the inner margins of the lips are seVwith 
tiny horny spines or hooks seated upon expanded bases. 

Each one of these is the product of the cornification of a 
single epithelial cell, which has become of very large size and 
shaped into an extinguishcr-like form. Eencath the one in use 
are a number of othei’s in serial stages, ready to succeed 
when the top one falls off. The beaks arc formed in 
exactly the same way, save that the cells being close side by 
side a continuous sheet is formed instead of isolated spines. 

These horny cases are shed off prior to the commence- 
ment of true tooth formation. 

Some extinct batrachia were of large size ; the Laby- 
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rinthodon, the structure of whose teeth has already been 
described (page 53), was furnished with a marginal row of 
teeth in the upper jaw, of which some few were of larger 
size and greater length than the others. In the lower jaw, 
the teeth, which are similar to those of the upper, are 
disposed in some sense in an incomplete double row, the 
scries of smaller teeth not being interrupted by the occur- 
rence of the larger tusks, but passing in unbroken series 
outside them. The Laby rinthodon was possessed also of 
palatine teeth. 

The teeth were anchylosed to slight depressions or sockets, 
and the succcssional teeth were probably developed, as in 
the frog, at the inner side of the bases of the teeth already in 
position, as there are no indications of crypts within the 
bone. 

In many reptiles teeth are developed for the merely tem- 
porary end of effecting an exit from the egg-shell. Tliis 
purpose is sufficiently answered by the hard snout of the 
crocodiles, and by a sort of snout developed in Chblonia, but 
snakes and lizards have sharp teeth, which afterwards arc 
lost, developed on the premaxillary bones ; these are true 
teeth. 

*The CiiELONTA, comprising the Tortoises ^.nd Turtles, have 
no teeth, but the margins of the jaws are sheathed in homy 
cases, which are variously shaped in accordance with the 
habits of the animal, being sharp and thin-edged in carni- 
vorous and blunt and rugged in herbivorous species. 

It is stated by Ilose that a tooth band exists, but that it 
docs not go on to the formation of any definite tooth germ 
rudiment. 

Saurian reptiles (lizards, &c.), have, as a rule, rather 
simple teeth, which are confined to the margins of the jaws, 
the occurrence of palatal teeth being less usual; whilst 
almost all Batrachia have vomerine teeth, only a few 
Saurians have them. So far as it is possible to generalise. 
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Saurian teeth are conical ; the cone may be sharp or it may 
be blunt ; again, it may bo complicated by serrations or 
vertical ridges and prominences. 

More rarely there are subsidiary cusps, generally set 
lengthwise, and there arc but seldom inner or outer cusps 
which would bring it at all into the semblance of a Mammalian 
tooth. They are generally made up of a central body of 
hard dentine, more or less completely invested by a cap of 
enamel j and they arc attached to the bone by anchylosis. 

When the tooth is anchylosed by its outer side to an 
external parapet of bone, the creature is said to be ‘‘ pleu- 
rodont,” when by the end of its base it is attached to the 
summit of a parapet it is “ acrodont. 

The succession of teeth in Lizards is constant, new teeth 
being developed at the inner side of the bases of the old 
teeth, which become undermined by absorption and fall off 
when the successional tooth has attained to a certain stage 
in its development. 

The accompanying hgure of the lower jaw of a Monitor 
lizard will give an idea of a dentition common in the group. 
The teeth are not very large or very numerous, there being 
about 30 in the jaw ; towards the front of the mouth they are 
a little more pointed than at the back, but the differenced in 
this respect are not striking. * * 

At the inner side of the bases of the teeth are seen 
foramina which lead into the spaces in which new teeth are 
being developed. 

Amongst the lizards considerable variety in the form of 
the teeth themselves exists, some having thin serrated 
edges, others being exceeding blunt and rounded, but in 
the general disposition of the teeth there is considerable 
uniformity. 

The teeth of some lizards consist at their apices of ordinary 
hard dentine, with a simple central ])ulp cavity, but at 
their bases of plicidentine with numerous subdivisions o 
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the pulp cavity, as is seen in the Monitor lizards (Varanus, 
see p. 51). One Mexican lizard (Heloderma) has the re- 
putation of being poisonous, and has teeth which are 
grooved both back and front ; but it is doubtful whether its 
harmful powers have not been exaggerated. In Heloderma 
the salivary glands of the lower jaw, probably the sub- 
maxillary glands, lie close against the under side of the bone, 
in a dissection made by Professor Stewart upon a specimen 
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in the College of Surgeons museum, there appear to be d 
number of ducts which seem to actually perforate the bone, 
aiift they emerge by series of little holes which lie in the 
sulcHiJ between the lij) and the teeth, close to the necks of 
the teeth. 

In the Python the corresponding gland also has many 
ducts which open in a similar position, but they attain to it 
without any perforation of the bone, and there is no reason 
to suppose that their secretion is at all poisonous ; in the 
case of Heloderma there is, however, no doubt that the 
secretion is poisonous; indeed the bite of a specimen in 
the Zoological Gardens has been found to be fsxtal to small 
animals, and Dr. Weir Mitchell states that in one instance 

J*) Lower Jaw of a Lizanl (Varanus Gouldii). a. Foramina leading to 
cavities of reserve. 
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it is known to have been fatal to man. It is, however, a 
creature of gentle disposition, and it is not at all easy to 
make it bite. 

Vaso-dentine occurs in the teeth of some Saiirians, as 
for example in those of the great extinct Igiiaiiodon, in 
w^hicli it, roughly speaking, formed the inner half of the 
crown, the outer moiety consisting of hard dentine. In 
addition to this ])eculiarity, the teeth of Iguaiiodon were 
remarkable for the partial distribution of the enamel, which 
was strongly ridged, tlie ridges being serrated, and w as con- 
fined to the outer side of the crown. Thus at the OTitside 
came the hardest tissue, the enamel ; next the harder dentine, 
and on the inside, the softer vaso-dentine. Hence, as the 
tooth wore dowm, a sharji edge w'as long preserved. 

There is a New Zealand liztxrd, to which the several names 
of Hatteria, Sphenodon,andRhyncocephalus have been given, 
which has a very peculiar dental armature (Dr. Cunther, 
Phil. Trans., 1867). 

The intermaxillary bones are armed with two teeth, so 
largo as to bo co-exteiisivc with the whole bone in width, 
and of a form which recjills that of the gnawing incisors 
of Ilodents ; the other teeth are (|uite small, and “ acrodoiit ’’ 
in their attachn.ent. 

But the great peculiarity of Hatteria is that the alveolar 
margins of the jaws are sharp, and w hen the teeth arc worn 
down, which w^ould happen in adult specimens, the actual 
sharp margins of the bone come into play as masticatory 
organs, near to the front of the mouth. It occurred to me 
as probable that the surface thus exposed might be coated 
with dentine, but a microscopic examination of one of the 
specimens in the British Museum, which I w'as, by the 
kindness of Dr. Giinther, enabled to make, proved that the 
dense ivory-like surface which serves the purposes of masti- 
cation is true bone, and has no relation to dental structure. 

There are very few other instances of actual bone. 
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uncoated by dental tissues, being used for masticatory 
purposes. 

It has been already mentioned that in Chamseleon there is 
no shedding of teeth, although the tooth band extends 
beyond the side of the formed tooth, as though to form a 
successional tooth germ. 

In Iguana the successional tooth germ moves, as happens 
in the frog, right into the pulp chamber of its predecessor, 
some time before the latter is shed. 

The great extinct Dicynodon, an African fossill, also 
had sharp trenchant margins to its jaws ; it is not 
known whether these were sheathed in horny cases like 
those of the turtles, or whether the bones themselves came 
into use, .as in Hatteria. But the most striking peculiarity 
of Dicynodon was the co-existence with such jaws of a pair 
of very large c.aniniform tusks, a thing veiy unusual in 
the reptilian class, extending downwards and forwards from 
the upper jaw, and growing from persistent pulps. 

The dentition of Ophidian reptiles (snakes) is very uni- 
form ; they may be conveniently divided into two groups, 
the poisonous and the non-venomous snakes. 

Non-venomous snakes have one row of teeth in the lower 
jaw, and two rows in the upper jaw ; iu» the latter the 
maxillary bones carry one row, while a parallel internal row 
is supported upon the palatine and pterygoid bones. 

The teeth are in both groups strongly recurved, and are 
firmly anchylosed to the bone ; they consist of a central 
body of unvcoscular dentine, coated by a very thin layer of 
enamel (there is not, as is generally supposed, any layer of 
cementum, the enamel having been erroneously supposed to 
be such). 

The two halves of the lower jaw are connected at the 
symphysis by an exceedingly elastic ligament ; their articu- 
lation with the base of the skull, through the medium of an 
elongated movable quadrate bone, is also such as to allow of 



255 


THE TEETH OF REPTILES. 

their being widely separated from the skull and from one 
another, which allows of the dilatation rendered necessary 
by the large size of the creatures which a snake swallows 
whole. 

The teeth of the snake are simply available for seizing prey 


Fia. 108 (j;. 



and retaining it, as the snakes invariably swallow their prey 
whole, and in no sense masticate it. ^ ^ 

As the object to be swallowed is often so disproportionately 
largo as to make the process of deglutition appear an im- 
possibility, the mouth and pharynx have to undergo great 

\}) Developing teeth of a Snake. /. Oral epithelium, e. Neck of the 
enamel organs, h. Dentine pulp. c. Enamel cells, d. Dentine. 1 , 2, 
Very young germs. 3, 4. Older germs. 
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dilatation. The arrangements which combine to give to the 
lower jaw its mobility have just been alluded to ; the 
successional tooth germs, which are very numerous, are 
also arranged in the snake in an unusual ])osition, which by 
bringing them very close to the surface of the bone, to 
which they lie parallel, renders them less liable to displace- 
ment and injury than they would have been had they been 
placecl vertically, as they are in all other creatures ; while 
in addition to the advantage of protection by position, they 
are wrapped round by a sort of adventitious caj)sule of con- 
nective tissue. 

As the teeth during their development are thus lying down 
parallel with the length of the jaw-bone, when the period 
for their replacing a predecessor arrives, they have not only 
to move upwards, but also to become erected ; how this 
is done remains a mystery, for I have been quite unable to 
discern the means by which it is accomplished. 

When a snake has seized its food, which it retains by 
means of its many sharp recurved teeth, it slowly swallows 
it by advancing first its lower, then its u])pcr jaw, till it 
thus, so to sjjcak, forces itself over the body of its prey. 
When this latter is large, deglutition is a very lengthy 
process, but an English snake can swallow it moderate-sized 
frog With considerable rapidity. 

There is an African snake (Hachiodon) which has none 
but rudimentary teeth ; its food consists of eggs, which thus 
escape breakage until they reach the oesophagus, into which 
spinous processes from the under surface of the Vertebra* 
project, and there servo to break the egg ; snakes with 
their dentitions' similarly modified exist also in India (e.g., 
Elachistodoii). 

It has already been mentioned that the iion-venomous 
snakes have two complete rows of teeth in the upper jaw, 
the outer row being situated on the maxillary bones, the 
inner upon the palatine and pterygoid bones. The teeth of 
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such snakes as the Pythons are all simple recurved cones, 
and are none of them either grooved or canaliculatcd (‘). 
Some of the harmless snakes, however, have particular 


Fig. 109 0. 



teeth which are developed to a greater length than the‘3M)st, 
and otiicrs have the posterior teeth on the maxillary bones 

(') It has been proposed to divide the Ophidia into groups, distinguislied 
by the presence or absence of grooved teeth, thus : — 

i. Agljiphotlontia. No grooved or canaliculatcd maxillary teeth. 

ii. OpUthoylyphia, Some of the posterior maxillary teeth groovetl. 

iii. Proterofjlyphia. Anterior maxillary teeth grooved# ' 

Posterior maxillary teeth solid. 

iv. SoUnoglyphia, Maxillary teeth few, caualiculated — poisonous 

snakes. 

(^) One half of the skull of a Python (without the lower jaw) seen from 
below, a. Intermaxillary bone. b. Maxillary bone, carrying th outer 
row of teeth, c. d. Palatine bone and pterygoid bone, the teeth upon 
which constitute the inner or second row of teeth. 
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grooved ; but the statement that this grooving serves to 
convey an acrid saliva into the wound inflicted rests on 
insufficient foundation. The poisonous snakes' are charac- 
terised by a shortening of the scries of teeth carried upon 
the maxillary bone, and by the front teeth of the series 
being developed to much greater lengtli than those which 
lie^ behind it. Thus Ilydrophis, a genus of poisonous sea- 
snakes, has five or more teeth upon the maxillary bone, the 
foremost of which is much the largest, and this largest tooth 
is so deeply grooved upon its anterior surface as to be con- 
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verted into a tube, the tube serving to convey the poison 
into the wounds inflicted by it. 

Poisonous snakes which have several- teeth upon the 
maxillary bone for the most part present some little external 
resemblance to the harmless snakes, and ar(j called “ colu- 
brine poisonous snakes ” (coluber being the name of a genus 
of harmless snakes) ; they present transitional characters 
between these and the more specialised or “ viper ine ” poison- 
(jus snakes. The Cobra is a familiar example of a colubriiie 
poisonous snake, and almost all the venomous snakes of 
Australia belong to this group. Their poison fangs are not 
very long, and they remain constantly erect, the maxilla to 


0 Head and jaws of Hydrophis. The maxillary bone (5), instead of 
carrying a complete series of teeth, is armed with a few teeth only near to 
the front. The foremost tooth is canaliculated, and forms the poison fang. 
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which they are anchyloaed not being movable, aa in the 
viperine snakes : it also carries a varying number of small 
insignificant teeth behind the poison fang. 

In the viperine poisonous snakes (Puff-Adder, Rattlesnake, 
Vipers, &c.) the poison apparatus is yet more specialised. 
The maxillary bone carries no teeth at all behind the poison 
fang ; it is so reduced in length as to be of squarish form, 
and is so articulated to the skull fis to bo movable. 

The poison fang is of great length, so that if constantly 
erect it would be much in the way ; when it is out of use, 


Fig. Ill 0). 



however, it is lai*d flat along the roof of the mouth, and is 
only erected for the purpose of striking ; when in repose it 
is altogether hidden by a fold of mucous membrane, which, 
when it is erected, becomes tightly stretched over a part of 
its anterior surface, and serves to direct the poison down 
the poison canal by, to a great extent, preventing its escape 
around the exterior of the tooth. , % 

The mechanism by which the poison fang is erected is 

p) Side and front view of the skull of Craspeclocephalus melas. A 
bristle is i3asscd down the poison canal. Mx. Maxillary bones. Mn. 
Mandible. PI. Palatine bones. Pt, Pterygoid bones. Qu. Quadrate 
bone. T. Transverse bone. 

A. Side view. 


B. Front view. 
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thus described by Professor Huxley (Anatomy of Verte- 
bratcd Animals, p. 241) : — “AVhen the mouth is shut the 
axis of the quadrate bone is inclined downwards and back- 
wards. The pterygoid, thrown back as far as it can go, 
straightens the ptcrygo-palatinc joint, and causes the axis 
of the palatine and pterygoid bones to coincide. The trans- 
verse, also carried back by the pterygoid, similarly pulls the 
posterior part of the maxilla and causes its proper palatine 
face, to which the great channeled poison fangs are attached, 
to look backwards. Hence these fangs lie along the roof of 
the mouth, concealed between folds of the mucous mem- 
brane. But when the animal opens its mouth for the 
purijosc of striking its prey, the digastric muscles, pulling 
up the angle of the mandible, at the same time thrust the 
distal end of the quadrate bone forwards. This necessitates 
the pushing forward of the pterygoid, the result of Avhich is 
tw'ofold : firstly, the bending of the ptery go-palatine joint ; 
secondly, the partial rotation of the maxillary upon its 
lachrymal joint, the hidden edge of the maxillary being 
thrust downwards and forwards. 

“ In virtue of this rotation of the maxillary through about 
a quarter of a circle, the dentigerous face of the maxilla 
looks downwards and the fangs are erected into a vertical 
posifion. The snake ‘ strikes ^ by the simultaneous contrac- 
tion of the crotaphite muscle, part of which extends over the 
poison gland, the poison is injected into the wound through 
the canal of the fang, and this being withdrawn, the mouth 
is shut, all the previous movements reversed, and the parts 
rcj^.urn to their first position.” 

The poison fang is a long, pointed, slightly recurved tooth, 
traversed by a canal which commences on its front surface, 
near to the bone, and terminates also on its front surface, a 
little distance short of its point \ in the figure a bristle has 
been passed through it, and shows the points where it com- 
mences and terminates. This tube conveys the poison into 
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the piiiictiirc, its upper orifice being in close relation with 
the end of the duct of the poison gland. 

It has been mentioned that some snakes Avhich have not 
definite poison fangs have a few of tlie large posterior tooth 
grooved upon their front surfaces, the object of this grooving 
being, as a matter of conjecture, to convey a more or less 
poisonous saliva into the wounds inflicted by them. 

Fio. 112 (1). 



lly imagining/ such an anterior groove to be deepened, 
and finally converted into a canal by its edges growing up 
and meeting over it, w'e shall have ta fair conception of the 
iiature of the tube in a poison fling, which is thus really 
outside the tooth ; which might thus, at least in its canali 
ciliated part, be regarded as a thin flattened tooth bent 
round so as to form a tube. Just as there are gradations\in 
the armature of the maxillary bone, which link together the 
extreme form of the harmless Python and the venomous 
Kattlesnake, so there are gradations in the form of the 

(*) Transverse section of tooth-sac of poison fang of Viper, prior to the 
complete closure of the poison tube by the meeting together of the two 
cornua of the dentine. 
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poison tooth, in the degree in which the groove is converted 
into a canal. 

In colubrine poisonous snakes the canal is visible on the 
exterior of the tooth, where an apparent fissure marks the 
point where the two lips of tlie groove have met. Thus the 
poison fjing of Hydrophis, although in a part of its length 
the canal is quite closed in, has a very marked line along 
its front, and in section it looks much as would the dentine 
in Fig. 112, if the two cornua had their rounded extremities 
brought together into actual contact, without, however, their 
rounded outline being altered. 

But in the poison fang of a viperine snake the lips of the 
groove are flattened .and fitted to one another, so th.at not a 
vestige of the join can be seen upon the smooth exterior of 
the tooth. In the following figure the pulp cavity is seen 
to be a thin flattened chamber partly surrounding the tube 
formed for the conveyance of the poison. 

The poison fang is exceedingly sharp, its point being 
continued some little distance beyond the place where the 
poison can.al opens on the front of the tooth ; this disposi- 
tion of parts has been copied in the points of syringes for 
making subcutaneous injections. 

The dentine is continued down to a ver^’ fine point, and 
it is"' c.ased by an exceedingly thin layer o_ enamel, not 
much more than ,, J, of an inch in thickness in our common 
luiglish viper : thus the utmost sharpness is secured, 
without loss of elasticity, which would have ensued had 
its point been made u]) of brittle enamel only. Enamel 
co/zers the whole exterior of the tooth, but does not extend 
into the poison canal in the viperine snakes ; in Hydrophis 
T believe that it does. As the point is simple, the tooth 
germ of a poison fang only becomes distinguishable from 
that of another ophidian tooth after the tip of the tooth has 
been formed, when a groove appears in its side (see 8 and 9, 
in Fig. 114). 
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It being the habit of poitonous snakes to make use of 
these weapons to kill their prey, which they consequently 
do not swallow alive, it would obviously subject them to 
no little inconvenience to be without these weapons for 
any considerable length of time, while from their habit of 


Fig. 113 (*), 



striking living prey the long fangs must he very liable to 
being broken off by the jumping away of the creature 
struck, to say Aothing of the great forc's with w'hich the 
blow is given. ^ 

In the most tyi)ical (viperine) poisonous snakes the suc- 
cession of teetli is conducted upon a plan which is unique, 
and which is excellently adapted to save loss of time in the 
replacement of a lost poison fang. Upon the movable 
maxillary bones there is space enough for two poison fangs, 
side by side ; only one, however, is fully anchylosed to the 
bone at a time, and occupies a place to the extreme right or 
extreme left of the bone as the case may be, leaving vacant 
space for another by its side. 

(') Tninsverse section of tho poison fang of a Rattlesnake, a. Pulp- 
cavity. d. Dentine. 
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When the tooth in nsc falls, it will be succeeded by a 
tooth upon the vacant spot by its side, not upon the spot 
upon which itself stood, so that the places on the right 
and the left of the bone arc occupied alternately by the 
tooth in use. Thus, in Fig. Ill, the poison fang of the 
snake’s right side is seen occupying a position on the ex- 


Fia. 114 (*). 



treme outside of the maxillary bone, while its left poison 
fting is fixed on the inside of the maxillary bone. 

The upper boundary of Fig. 1 14 is formed by the flajj of 
mucous membrane which covera in the poison fang when 
at fest. Nos. 1 and 2 lie in the pouch formed by it, the 
section happening to be taken from a si)ecimen in which the 

(^) Transverse section of the reserve poison fangs of a Viper. 1. Tooili 
at present in iise, in its recumbent position ; were it erect it would be 
withdrawn from view, or else seen in longitudin.nl section. 2. Tooth 
which will next succeed to No. 1. 3, 4, 5, &c., tooth-sacs numbered in 

the order in which they will succeed. 
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tooth was about to be changed. In most specimens one 
tooth only, the tooth actinilly in use, is seen in this 
position. 

A flap hanging free across this space serves apparently to 
keep teeth of the one series from getting over to the other 
side, and probably serves to hold in place the reserve tooth 
when the older tooth is erected for biting. 

The reserve poison fangs, as many as ten in number in 
the Kattlcsnake, nre likewise arranged in two parallel 
series, in Avhich the teeth exist in pairs of almost equal age ; 
the tooth in use is thus derived /alternately from the one 
and the other series, as is indicated by the consecutive 
numbers in the figure, a septum of connective tissue keeping 
the two series of teeth distinct from one another. 

The teeth being arranged in pairs of almost ccjual age, 
suggest that the succession is both rapid and regular. All 
the reserve teeth lie recumbent in and behind the slieath 
of mucous membrane which covers in the functional tooth. 

This arrangement of the successional teeth in a, paired 
scries does not exist in the (Jobra, in which the successional 
teeth form but a single series ; perhaps this may serve to 
explain the preference of the snake-charmers for the (.V)bra, 
which would ifl’obably take longer to replace a removed 
poison tang than a viperiiie snake would (*). ** 

Hut in the colubrine venomous snakes the successional 
poison fang sometimes makes its way to a spot a little to 
the side of its predecessor, so that there may possibly be 
no loss of time ; and notwithstanding that they are in a 

(b An inquiry inserted in an Indian newspaper elicited the follovhnK 
answer : — “I have frequently seen siiakc-cliariners exhibit snakes of the 
family Viper idWj chictly the Daboia Russelli and Echis carinata. I have 
also been told by some snake charmers that they considered the Daboia 
even more poisonous than the cobra ; and judging from the cautious w'ay in 
which they handle these snakes— never lifting them od' the ground with- 
out first putting a stick on their necks to liold them down- -I feel pretty 
sure they all consider the vipers more dangerous than the cobras.’* 
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measure transitional forms between the harmless and the 
viperine snakes, some of them are most virulently poisonous 
and deadly in tlicir bite ('). 

This arrangement of two distinct chains of younger 
developing organs, all destined to keep the creature always 
supplied with one organ in a state of efficiency, is, so far as I 
know, without parallel. 

Like other ophidian teeth, the poison fangs become an- 
chyloscd to the bone whi^h carries them, their secure 
fixation being aided by the base of the tooth beipg Anted, 
as well as by a sort of buttress 'work of new bone being 
thrown out to secure each new poison fang as it comes into 
place. 

The poison is secreted by a salivary gland homologous 
with the parotid ; by an especial arrangement of the muscles 
and fiiscia about it the erection of the poison fang and the 
infliction of the bite cause a copious stream of poison to be 
ejected. The duct terminates in a sort cf papilla, close to 
the siiperior orifice of the tube in the fang ; the passage of a 
considerable portion of the poison down the tube is secured 
by the close apposition of a shield of mucous membrane, 
which is strained over the erected tooth. 

In Crocodilia the teeth are confined to •the margins of 
the jaws, where they are very formidable in size and shai'p- 
ness. The individual teeth are generally conical, sharply 
pointed, and often a little compressed from side to side, so 
as to possess sliarp edges : but they vary much in form in 
different species. 

The teeth are lo<lged in distinct tubular alveolar cavities, 
to the walls of which they do not become anchylosed, and 
they are tolerably constant in number in the same species. 

In parts of the mouth certain teeth are developed to a 
greater length than those nearest to them ; thus, in the 

(^) I have given a more detailed account of the succession of poison 
fangs in the Philos. Trans., 1876, Part i. 
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Crocodile proper, the first and fourth lower teeth are 
specially large, while in the extinct African Galesaurus the 
difference is so marked that both in the upper and lower 
jaws the teeth might be grouped as incisors and canines, 


Fig. 115 {>). 



so far as size and probable function go in such a classifica- 
tion. 

In structure the teeth of crocodiles consist of haixl, fine- 
tubed dentine, with an investing cap of enamel, and in 
addition a coating of cementum on their implanted portions. 
As already mentioned, they are implanted in tubular 
sockets ; iicw^ succcssional teeth are being continually de- 
veloped at the inner side of their bases, and ^ as tliese at^ixin 
to a certain size, absorption attacks the base of the older 
tooth, and its successor moves into the space so gained, so 
that it comes to be situated vertically beneath the older 

(') Jaws of the Crocodile. The first, fourth, and eleventh teeth in the 
lower jaw, and the third and ninth in the upper, are seen to attain to a 
larger size than the others. 
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tooth. Ill its further growth it causes yet more absorption 
of the older tooth, wdiich it ultimately pushes out in front 
of it, sometimes carrying the remains of the old tooth like 
a cap upon its own apex Avhen it lirst emerges. Each new 
tootli vertically succeeds its predecessor ; hence no addi- 
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tional teeth are added, but the young newly-hatched 
crococfile has as many teeth as a full-grown one. 

In the extinct Ichthyosaurus the teeth, while forming an 
armature not unlike that of some of the crocodiles, were 
not implanted in distinct sockets, but were lodged in a 
continuous shallow groove, with but slight indications of 
tra|.sverse divisions. 

The huge Dinosauria, some of which must have been 
thirty feet in length, had teeth implanted in imperfect 

(^) Transverse section of the lower jaw of a young Alligator, a. Oral 
cpitlieliuiu. b. ]>one of socket, d. Dentine of old tooth. 2. Tooth next 
II order of succession, which is causing absorption of one side of the base 
of the older tooth. 3. Young tooth-germ. 
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sockets, the outer alvcolur wall being considerably higher 
than the inner, and the transverse septa not very complete. 
The roots of the teeth were more or less perfectly cylin- 
drical, and the enamelled crowns compressed and expanded, 
with trenchant edges. The tooth of the Iguaiiodoii will 
serve as a fair example of a Dinosaurian tooth : the crown 
is greatly expanded, and presents anterior and posterior 
sliarp notched margins ; the enamel is laid over the outer 
surface of upper teeth, and the inner of lower teeth. The 
enamelled surface is ridged, so that as it wears down a 
notched edge is maintained. Moreover the maintenance of 
a sharp edge is further secured by the dentine oii the 
enamelled side of the crowm being of the hard unvascular 
variety, that on the inner being vaso-dentinc and therefore 
softer. The remnant of the pulp ossifies, and comes into 
use, as these teeth remained at work until worn cpiite to a. 
flat surface. The root portion was smooth, round, and 
curved. 

Professor Marsh (American Journal of Science, March, 
1880) has described and figured a peculiar Dinosaurian 
dentition, in a reptile to which he gives the name of 
Stegosaurus ; the teeth are slightly compressed transversely, 
and are coverv^d with a thin enamel ; the roots are long 
and slender, implanted weakly in separate sockets^ Hut 
at the inner side of the root of the tooth in use were no 
less than five succcssional teeth, in graduated stages ol 
development, ready to ultimately take its place ; so largo a 
number of successional teeth has not hitherto been met 
with in a Dinosaur. ^ 

A very remarkable carnivorous reptile as 'large as a lion 
has been described by Professor Owen (Quart. Joumal 
Geolog. Society, 1876) under the name of Cynodraco major, 
for the reception of which he proposes a new reptilian order, 
that of Thcriodontia. Its dentition is not completely 
known, but it possessed in the low^er jaw eight incisors, of 
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which the first is the smallest, and a canine of moderate 
size. The upper incisors are not known, but there were a 
pair of upper canines of such size that they extended down 
along the outside of a flattened portion of the lower jaw, 
like the canine teeth of Machaircxlus and those of Dinoceras. 
The hinder margins of these canines were trenchant, and 
finely serrated. 

Tliis protection of an especially long upper tooth by a 
corresponding down growth of the lower jaw is by no means 
an unusual provision of nature. Besides being met with in 
the instances cited, it is seen in Tinoceras, another of the 
Dinocerata, and in Chauliodus, a deep-sea fish dredged up 
by the “Challenger.” It is, however, not a universal 
structure, as it is quite absent in the musk deer. 

In this remarkable group of extinct reptiles, some 
of which are not as yet fully described, known as Therio- 
donts, the dentition simulates that of mammalia. The 
teeth might at first sight be regarded as mammalian : 
they admit of division into incisors, canines and molars, 
and some zoologists are inclined to regard this group as 
ancestors of the mainmaliii, partly on account of their 
dentition. No indication of any succession of tcctli has so 
far been found in any specimen. ♦ 

A ^enus to which the name Anomodon has been given 
had nothing but tw o tusks in the upper jaw, the lower being 
w^holly edentulous, and the Placodontia had incisors like 
teeth, ill front, with rounded, flattish teeth at the back, the 
palate being furnished with .similar teeth. 

^^he Pterosauria, or flying reptiles, have, since the 
discovery of toothed birds, become of special interest to the 
odontologist. The wings w^ere stretched membranes, like 
those of a bat, and the measurement across their tips in 
some of the largest must have been twenty-five feet ; but 
most of those known were much smaller, from 10 to 15 
inches in total length of body. In the Pterodactyls the 
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jaws are furnished with long, slender, sharp teeth in their 
whole length ; but in Ramphorhynclnis the anterior ex- 
tremities of the jaws are without teeth, and it has been 
conjectured that . these portions were sheathed in horny 
beaks. 

And Prof. Marsh (American Journal of Science, 1876) 
has discovered, in the same formation in which he found 
the toothed birds, several species of l*terodactyls wholly 
without teeth, for w’hich the generic name Ptcranodon is 
proposed. 

The jaws, which arc more like those of birds than those 
of any know n reptile, show’^ no traces of teeth, and the pre- 
maxillarics seem to have been encased in a horny covering. 


The Teeth of Birds. 

Prior to the discovery by Professor Marsli, of Yale College, 
in 1870, of the remains of birds witli teeth in the cretaceous 
formations of Western Kansas, little was Avith certainty 
known about the existence of teeth in any bird, altho\igh 
one or two fossils, leading to the suspicion that birds'^might 
have possessed teeth, were known. The state of knowledge 
up to that time has been clearly summarised by Mr. Wood- 
w’ard (Popular Science Review, 1875), to this effect: that it 
had been long supposed that no exiimplos of teeth were to 
be met Avith amongst the birds, alihougli some, such as ,the 
Merganser, have the margins of the bill serrated, so that 
the functions of teeth are discharged by this horny armature 
of thejaAvs. 

The point of the bill is hooked, and for a little Avay behind 
the point is smooth, the coiTesponding part of the loAver 
bill being also smooth. The loAVcr bill is furnished with 
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one row of pointed homy teeth, which fit in between two 
rows on the upper bill, the hitter raking b«T,ckivtirds. 

They are apparently horny ; near the apices there are some 
fine canals and each is seated upon a vascular ])apilla j their 
bases coalesce, so that there is a continuous horny sheath to 
the jaw. 

It has been said that bony proniinenccs correspond to 
these so-called teeth, but in the specimen which I examined 
I could see no trace of such a thing. 

In the fossil Inrd described by Professor Owen, from the 
TiOndon clay, under the name of Odontopteryx toliapicus, 
the form of the bill is not known, but the margins of the 
jaws are furnished with strong bony ])rominences. And 
(jleoflroy St. Hilaire had described a series of vascular pulps 
as existing on the margin of the jaw of paroquets just 
about to be hatched, which, though destined to form a 
horny bill, and not to be calcified into teeth, yet strikingly 
recall dental pulps. Then there is also tlie famous fossil 
Archreopteryx, an anomalous oolitic bird, ivith a long and 
jointed tail, which possessed teeth. In the first specimen 
described there was a flaw in the evidence, inasmuch as the 
toothed jaw was not in situ, and so possibly might have 
beldnged to another creature, but in the specimen now at 
Ilerlim'chere can be no question. 

In successive expeditions, conducted under great diffi- 
culties owing to the extremes of heat and cold, and to the 
hostility of the Indians, the remains of no less than one 
hundred and fifty different individuals referable to the 
sub-class OnoNTORNiTiiES have been obtained by Prof. Marsh ; 
they are classified under nine genera and twenty species. 

They arc referable to two widely different types, one 
group consisting of comparatively small birds, with great 
power of flight, and having their teeth implanted in distinct 
sockets (Odontotornae, illustrated by the genus Ichthyornis 
as a type) ; the other group consisting of very large 
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swimming birds, without wings, and having teeth in grooves 
(Odontolcce, type genus Hesperornis). 

Ill Ichthyornis the teeth were about twenty-one in 
number in each ramus, all sharp and pointed, and recurved ; 

Fig. 117 (*). 

It Nf.s. 

A B 



the crowns were coated with enamel, and 'the front and 
back edges sharp but not serrated. 

They are implanted in distinct though shallow sockets, 

(*) Mandible of Ichthyornis (after Prof. Marsh). A. Side view, show- 
ing the teeth in situ, B. View of upper surface, showing the sockets in 
which the teeth were implanted. 


T 
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and tlie maxillary teeth are a little larger than those 
opposing them ; the pre-maxillaries were probably edentu- 
lous, and perhaps covered with a horny bill. 

In the lower jaw the largest teeth occur about the middle 
of the ramus, those at its posterior end being materially 
smaller ; and the sockets are deeper and stronger than in 
the upper jaw. The succession takes place vertically, as in 
Crbcodiles and Dinosaurs. 

The genus Hespcromis, probably diving birds, includes 
species 6 feet in length : as has already been mciitioiied, the 
teeth are not implanted in distinct sockets, but lie in a 
continuous groove like those of Ichthyosaurus ; slight pro- 
jections from the lateral walls indicate a partitioning off 
into sockets, but nothing more than this is attained, and 
after the perishing of the soft parts the teeth were easily 
displaced, and had often fallen out of the jaws. The pre- 
maxillary is edentulous, but the teeth extend quite to the 
anterior extremity of the lower jaw ; in one specimen there 
are fourteen sockets in the maxillary bone, and thirty-three 
in the corresponding lower ramus. 

The successional tooth germs were formed at the side of 
the base of the old ones, and causing absorption of the old 
robts, migrated into the excavations so formed, grew large, 
and 'Ultimately expelled their predecessors, as is seen in the 
accompanying figure. 

In structure these teeth consist of hard dentine, invested 
with a rather thin layer of enamel, and having a large axial 
pulp cavity. The basal portion of the roots consists of 
osteodentine. 

The outer 'side of the crown is nearly flat, the inner 
strongly convex : the junction of these surfaces is marked 
by a sharp ridge, not serrated. 

In form the teeth of Hesperomis present a close resem- 
blance to those of Mosasaurus, a great extinct lizard. 

Indeed, as Prof. Marsh observes, “in all their main 
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features the teeth of Hesperornis are essentially reptilian, 
and no anatomist would hesitate to refer them to that class, 
had they been found alone. Combined with the other 

reptilian characters of Hesperornis they clearly 

indicate a genetic connection with that group.” 

In the dentine contour lines are abundant ; the enamel is 


Fig. 118 (»). 



so dense as to appear structureless, and there is no coronal 
cement um. 

The foregoing account is condensed from the magnificent 
vohiine published by the United States Government Goo- 
logical Exploration. (Odontomithes, a Monograph, itcy by 
O. C. Marsh, Prof, of Palajontology, Yale College.) 

With these notable exceptions, the jaws of all known 
birds are toothless, the horny cases forming their beaks 
taking the places and fulfilling the functions of teeth. 

The evidence that true teeth may become replaced by 
horny teeth, these again coalescing with their neighbours &> 
form a horny casing, has been given at p. 219. 

It would therefore seem possible that the ancestral birds 

(>) (After Prof. Marsh.) A. Hesperornis rcgalis, with succe'ssional tooth 
in an excavation at its base ; enlarged eight diameters. B. Tooth of 
Musasaurus princeps, half natural size. 

T 2 
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all had true teeth, and it is possible that a sufficiently ex- 
tended search might reveal rudimentary teeth surviving 
beneath the functional horny bill, or even possibly above it> 
like those of Ornithorhynchus. Indeed Rose has found that 
ill Sterna the tooth band exists, thougli no rudiments are 
to be found of more differentiated tooth germs. 
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INTRODUCTORY REMARKS. 

Before proceeding to the description of the teeth ot 
Mammals, of which it is only possible to give the barest 
outline, it seems desirable to devote a few pages to those 
general i^rinciples which underlie, and render interesting .and 
intelligible, the details witli which we shall be concerned. 

Before the day of Darwin it was customary to explain those 
resemblances and points of identity which the study of com- 
parative anatomy revealed, upon the suiipositionthat there was 
some sort of type or standard organisation, and that all others 
were arrived at by modifications and departures from this type, 
these modifications being introduced with a direct purpose 
in view, in order to fit the creature to a special habit of life. 

Among the matters which this “ type ” theory sought to 
account for was this : wlien an animal possesses some pecu- 
liar organ, it is found on close examination that it, however 
specialised, is after all only something which allied animals 
also possess, only it has been exaggerated or developed in an 
unusual manner and degree ; or, on the other hand, that 
when an organ is wanting, tlie suppressed organ is not 
absolutely abolished, but is usually to be found stunted and 
in a rudimentary condition, instead of in iti^ ordinary s^e 
and functional activity. 

This is as true of teeth as of any other organs ; indeed 
they afford many admirable examples of the law\ 

Thus the tusks of the boar or of the Sus babirussa, large 
and peculiar though they be, are not new developments, but 
are merely the canine teeth which in these species attain to 
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unusual dimensions. In the same way the enormous 
straight tiisk of the male Narwal is notliing more than 
an incisor tooth of one side, the fellow to which has 
been checked in its development ; but this is not missing, 
for it remains throughout the life of the animal buried 
within its socket. In the female Narwal both of the teeth 
being rudimentary, are permanently enclosed within the 
sockets, and are of course not of the smallest service to the 
animal, directly or indirectly; furthermore, as has been 
shown by Professor Sir W. Turner, in young specimens, a 
second pair of rudimentary aborted incisors are to be found, 
which in the adults have disappeared. 

The modern school of biologists, rejecting the “ arche- 
type ” theory, refer these resemblances detected between 
dentitions upon the whole dissimilar to one another to a 
more intelligible cause, namely, inheritance. Assuming, as 
every evidence compels us to assume, that the many diver- 
gent forms which we observe have been derived by progres- 
sive modifications and differentiations from fewer ancestral 
forms, w'o shall have no difficulty in seeing how, by such 
processes as we full Avell know to occur, namely, the dwindling 
of disused organs' and the exaggerated development of those 
very useful, great differences may ultimately result. 

To* illustrate what is meant by this so-called “adaptive 
modification,” this suppression of things that are not needed, 
and increased development of those most used, we may recur 
to' the dentitions of non- venomous and venomous snakes. 

In these we saw, in the non- venomous snakes, the max- 
il^ry bones covered by a row of teeth sub -equal in size; then 
in the ‘ Colubrine ’ poisonous snakes the front tooth of the 
row standing upon the maxillary bone having taken upon 
itself a special and important office, namely, the conveyance 
into a wound of a poisonous saliva ; coincidently with thia 
tooth having attained i^s increased size and importance, the 
teeth behind it on the maxillaiy bone were reduced both in 
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number and in size. Going a step further, to the Viperine 
poisonous snakes, the now useless small maxillary teeth 
have all disappeared, leaving the poison fang alone, of 
vastly increased dimensions, to occupy the whole bone. 

But in many poisonous colubrine snakes the three or four 
small and useless teeth lingering upon the maxillary bone, 
though their function was gone, served to indicate to us 
in some measure the gradual process by which that singu- 
larly j:)erfect adaptation of means to an end, the poison 
apparatus of the viper, was arrived ivt. 

Mr. Darwin has proved that any modification in the 
structure of a plant or an animal, which is of benefit to its 
possessor, is capable, nay, is sure, of being transmitted and 
intensified in successive generations, until great and material 
differences have more or less masked the resemblance to the 
present form. 

Just as man, by favouring the breeding of those modifica- 
tions of form, &c., that please him best, has been able, in 
the course of a few years — in a length of time altogether 
infinitesimal, as compared with the time during which the 
surface of land and sea has been of i)retty nearly its present 
form, to say nothing of the enormously longer earlier geo- 
logical epoclis— to profoundly modify the breeds of dogs, of 
horses, and of numbers of plants, all of which are absolutely 
known to have htid a common origin, so in nature forces are 
and ever have been in perpetual operation, which effect the 
same thing. 

A pigeon-fiincicr wants a pigeon of particular plumage, 
with a few feathers a little different from any pigeon he %as 
ever seen or heard of (^ ) ; he knows by experience that little 
variations are for ever arising, and that by watching a 
sufficient number of young ones, and rigorously picking out 
those which at all tend in the direction of what he wants, 

(*) An eminent pigeon-fancier, Sir J. Seliriglit, told Mr. Darwin that he 
conld produee any given feather in three yeariii. 
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he will get what he Avants, and will even tell you with confi- 
dence that in so many years he will make a breed with the 
peculiarity desired. And exactly as the plumage that was 
wanted is got, so in nature the tooth that is “ wanted,” 
i,e,y the dentition that is excellently well adapted to do its 
work, by the operation of that law known as ** survival of 
the fittest ” may have been elaborated. 

It is quite enough that one of the small variations for ever 
arising in animals shall be of advantage to it, for us to see 
how the peculiarity is likely to be transmitted and intensified 
in successive generations without the intervention of man. 

The question has been well presented by Mr. Wallace, 
who points but that we must not think so much of varia- 
tions in individuals as in groups of individuals : for instance, 
it is a familiar fact that people vary in lieight, so that any 
hundred persons may be divided into fifty taller and fifty 
shorter persons. No w if a little extra height were of advantage, 
many or most of the fifty would experience it, though some 
might not. In the same way, if we grouped one hundred 
animals whose teeth varied a little in respect of strength into 
the fifty Aveaker and the fifty stronger, it is easy to see that 
the stronger fifty Avould get the better of the others in the 
struggle for existence on the Avhole, and fv^ould be more 
certain to propagate their kind, and Avould repeat in a 
majority of their progeny those peculiarities Avhich had 
helped themselves to live. 

Thus the doctrine of natural selection or survival of the 
fittest, is as fully applicable to the teeth of an animal as to 
any part of its organisation, and the operation of this natural 
law Avill be constantly tending to produce advantageous or 
“adaptive” differences. On the other hand, the strong 
poAver of inheritance is tending to preserve even that which 
in the altering conditions of life has become of very little 
use, and thus rudimentary teeth we may understand to be 
teeth which are in process of disappearance, having ceased 
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to be useful to their possessors, but which have still for a long 
time lingered upon the scene. And it must be remembered 
that just as natural selection brings an organ up to its 
fullest standard of efficiency, so the cessation of selection 
will tend to allow its variations in a downward direction to 
establish themselves. In other words, the continuance of 
that selection wffiich elaborated an organ is rccpiired to 
maintain it at that standard. 

Vaijiability in the number of teeth is much more common 
than has generally been supposed : thus Bateson (Proc. 
Zool. Soc. 1892) found supernumerary teeth in 8 per cent, 
of the jaws of Gorilla, Orang and Chimpanzee which he 
examined. In Phocidse supernumerary teeth were present in 
7 per cent, of the specimens examined, in 4 per cent, of 
Otariidfc, in 3 per cent, of wild Canida), in 8 per cent, of 
domestic Canida;, in less than 2 per cent, of wild Felidse, 
but in 9 per cent, of domestic Felida;. 

It was formerly supposed that the variations seized upon 
by natural selection and intensified in successive generations 
were of necessity small, so small that it was difficult to see 
bow their advantage would really be felt. 

But since attention has been drawn to this subject, and 
careful measurbmciits and >veighings have been taken of 
large numbers of wild specimens of the same species,’* it has 
been found that the variations are often far from being 
insignificant in extent. 

Then Mr. Wallace (Darwinism, 1889) points out that the 
variation in common species reaches often 20 per cent, of the 
size of the part implicated, and this without reference to. f he 
general size of the animal. As an example may be taken 
the jaws of the wolf, which in ten specimens varied to the 
extent of an inch and a half in length. If there be an 
advantage in it, it is easy to see how' in a few generations 
a very distinct advance in the direction of length or short- 
ness of jaw might be established 
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Good examples of rudimentary teeth are to be found in 
the larval teeth of the edentulous sturgeon, or of the 
whalebone whales, or in the teeth buried beneath the homy 
plates of the deflected portion of the Dugong^s jaw, all of 
these being of absolutely no service to their possessors. 
Some teeth have disappeared utterly ; thus the upper 
incisors of Ruminants arc gone, and no rudiments exist at 
any stage ; others still remain in a stunted and dwindled 
form, and do not persist throughout the lifetime of the 
animal, as for instance the first premolars of a horse, or 
two out of the four i^remolars of most bears. 

The teeth of Ornithorhynchus do work for their possessor 
till it approaches its adult size : then they are curiously 
supplanted by a horny development of the gums. 

Before leaving this section of our subject, an instructive 
illustration of the operation of these agencies may be given. 

It is very easy for us to see how a “ rodent type of 
dentition is beneficial to its possessor by rendering acces- 
sible articles of food wholly unavailable for creatures which 
have no means of gnawing through a shell or other hard 
body. Now it happens that in three regions of the world, 
pretty completely cut off from one another, three animals, 
in parentage widely dissimilar, have arrived ht dentitions of 
“ functionally rodent ” type. 

Thus in Australia, a region practically wholly monopo- 
lised by Marsupials, a marsupial, the Wombat, has a den- 
tition very much like an ordinary placental Rodent. In the 
island of Madagascar, one of the very few parts of the globe 
witjiiout indigenous rodents (except a few Murida)), a Lemur- 
ine animal, the Cheiromys, has a dentition modified in a 
similar direction (though it is probably employed to get at 
a different sort of food) ; and elsewhere, scattered all over 
the world, we have the ordinary Rodents. 

(^} Statcmei^ts to the coutravy have been made, and copied from book to 
book without verification. 
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In fact, three seta of creatures, as widely different from 
each other in parentage as they well could be, have been 
modified by natural selection until they have dentitions, not 
identical, but for practical purposes not unlike. 

It is impossible to conceive that these three creatures 
have had anything in the way of common origin : their 



ancestry must have been widely different, the regions in 
which they live have been isolated from one another for 
countless yearS, and yet they have each got to a “ practically 
rodent” type of dentition. Of extinct Lemurs little is 
known, and of the ancestry of Cheiromys nothing ; but in 
the compact group of Marsupials, still living in Australia, 
we are able to dimly see some of the progressive steps which 
seem to tend toward this rodent form of dentition. In 
Australia, roughly speaking, there are nothing but .^lar 
supials ; in Madagascar more Lemurs than anything else ; 
and in each case, out of the material at hand, natural selection 
has manufactured a “ rodent ” dentition. 

At the same time the force of inheritance is seen in each 


(^) Skull of a placental rodent (Capybar^), showing general character of 
a rodent’s dentition. 
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of them retaining characteristics of the groups whence they 
have been derived, so that underlying the primd facie 
resemblance in the teeth, there are points in their several 
dentitions whereby the wombat shows its marsupial affinities, 
and the Aye-aye its quadrumanous affinities. 

An example of the same sort of thing is seen in the 
occurrence of hinged teeth in various families of fish (see 
p. 20*4), in whicli the requirements of a hinge and of a means 


Fia. 120 (»). 



for restoring the bent-down tooth to the upright position are 
attained by different mechanism according to the difference 
in the raw material, if such an expression may be allowed. 

Tfie approximation to a rodent type of dentition by a 

(*) A. Milk teeth of the Lem urine Cheiromys, with the permanent in- 
cisors just coming into place. It differs from any rodent by having many 
milk teeth, i. Permanent incisor, i 2. Permanent deciduous incisor. 
e. Deciduous canine, cf, d 2. Deciduous molars. 1. Lower permanent 
incisor. I 2. Lower deciduous canine, d a^dh. Lower deciduous molar. 
B. Reduced outline figure of its permanent dentition, in which it closely 
mimics the true rodents. 


INTRODUCTORY REMARKS. 285 - 

number of widely different animals has led to the suggestion 
being made, that it does not follow that all existing Rodents- 
have had a common origin. Thus Oscar Schmidt (“ Mam- 
malia,” Internat. Sciontif. Series, p. 291) writes : — “A compari- 
son of the very different shapes of the molars in the Rodents 
among one another, and the approximation of many genera — 
not as yet decided Rodents — to the Rodent type (for instance,, 
the Wombat, the fingered animal — Aye-aye — and the rock 
coney) render it extremely probable that even our present 
Rodents are not of one and the same origin. The fact 
remains, animals of different derivation having attained a 
similar exterior, succeed extremely well in the struggle for 
existence, or even better, in their endeavour to obtain food. 
Unlike as they may be, in one point they are incontestably 
alike, in the development of continuously growing, 
incisors.” 

In addition to these modifications which arc of direct usi^^ 
to the individual in the way of assisting in the procuring of 
food, &c., any character which would enable one male to get 
an advantage over other males, and so render him more* 
certain to propagate his kind, wdll be sure to be transmitted 
and intensified. 

Thus we caft understand how the males of some species- 
have become ornamented ; how the males of many birds 
have come to sing ; and what is of more immediate concern 
to us, how the males of some animals have become possessed 
of weapons which the females have not. The possession of 
weapons by the male is strikingly exemplified in the teeth 
of animals. The males of many fnigivorous monkeys |iave- 
canine teeth much larger than those of the females ; they 
are cut late, coincidcntly with the attainment of sexual' 
maturity, and are useful to their possessors as weapons in 
their combats with other males. The male narwal has its 
single elongated tusk ; the male dugong has tusklike incisors ; 
in the respective females these same teeth are insignificant. - 
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But the most striking instance of the teeth being modi- 
fied, so as to serve as weapons for sexual combat, is afibrded 
by some members of the group of ruminants, amongst whom, 
as Cuvier long ago pointed out, those which are armed with 
horns have no canine teeth, and mce versd — a generalisation 
which, although subject to slight exceptions, remains upon 
the whole true. > 


Fio. 121 (>). 



The male musk-deer (Moschus moschiferus) has canine 
teeth of enormous length, while it is quite without horns ; 
the female has canine teeth so reduced as to be function- 
less.' The male muntjak, which has ver^ short horns, 
has cfinine teeth, but of much smaller size than those of 
the musk-deer. Other examples of hornless doer furnished 
with canine teeth are to be found in Swinhoe’s water-deer 
{Hydropotes inermis) and in the Elaphodus cephalophus 
(which has very small antlers), a Chinese deer more recently 
discj'vered, and in the Tragulidm. It is obvious that males 
furnished with \veapons more powerful than their fellows, 
will be more likely to prove victorious in their battles, to 
drive away the other males, to monopolise the herd of 
females, and so to transmit their own peculiarities to ofi- 
epring, which will again, be favoured in the same way. 

(}) Cranium of Moschus, showing tlie long canine tooth. 
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Thus it is very easy to see how, amongst gregarious animals, 
the development of teeth serving as sexual weapons is likely 
to be favoured, generation after generation, until canines as 
highly specialised as those of the musk-deer, or the wild- 
boar, are attained to. 

It will suffice to indicate to the reader that he must be 
prepared to find that the teeth are profoundly susceptible 
of modification, but that, amid all their varied forms, the 
evidences of descent from ancestors whose teeth departed 
less from the typical mammalian dentition are clearly trace- 
able in the existence of rudimentary teeth and other such 
characters. And, although it is by no means probable that 
we have recognised more than a part of the agencies which 
are at work, natural selection and sexual selection appear 
to be competent to produce most of the phenomena of modi- 
fication observed. There remains one other influence, much 
more obscure in its nature, to be touched upon, namely, 
correlation of growth ” or “ concomitant variation.” "When 
we find that when horns are developed, canine teeth are 
absent ; or that, after a boar has been castrated, his tusks 
cease to grow, although Ave may be quite unable to conceive 
the precise manner in which the one thing influences the 
other, we can s«8c that there is a consistency in the devfillop- 
ment of the sexual wejipon ceasing coincidently with the 
destruction of the sexual apparatus, or in the fact that 
two kinds of weapon arc not developed in the same animal. 

But there are some con’elations of growth of a still more 
recondite nature, in which the connection is less obvious. 
Of this nature is the relation which exists between pecu- 
liarities of the skin and of the teeth ; the Edentata, abnormal 
in their skins, are different from most other Mammalia in 
their teeth; whales, yet more aberrant in the nature of 
their skins, have only rudimentary teeth, in the place of 
which, after birth, plates of whalebone are found. 

Mr. Darwin (“Animals and Plants under' Domestication,”) 
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has collected a number of curious instances of relations 
existing between hair and teeth. In general terms it may 
be said that any great abnormality in the hair goes hand 
in hand with an abnormality of the teeth. Thus, there is a 
breed of dogs found in Turkey which is almost hairless, 
and which has very few teeth, the dentition being reduced 
to a single molar on each side, together with a few imperfect 
incisors ; and in the human subject inherited baldness has 
been often found to be associated with inherited deficiency 
of the teeth. 

But wc must not go further than to say, that great 
abnormality of hair goes hand in hand with abnormality 
of teeth, for examples have just been given of absence of 
hjiir and absence of teeth ; and, on the other hand, redund- 
ance of hair has in several cases been accompanied by absence 
of teeth. 

Thus, in the case of the now famous hairy family of 
Bnrmah, the peculiarity of silky hair being developed ovef 
the face was transmitted to a third generation, and in each 
case the teeth were very deficient in number. A year or 
two ago a hairy man and his son, said to have come from 
the interior of Russia, w^ere exhibited in London, and they 
were almost toothless. (*) • 

A goo<i many years ago a hairy woman (Julia Pastrana) 
was exhibited in London, of whom it has commonly been 
reported that she had an excessive number of teeth. Certain 
it is that her mouth was very prominent, and that she was 
described as “dog-fuced” and “pig-faced,” but models have 

(*) The man’s mauth exemplified the dependence of the growth of the 
jaw upon the presence of teeth. Ordinarily the increase in size between 
childhood and adult age takes place by a backward elongation, which 
allows for the successive development arid eruption of the molars behind 
the spaces occupied by the temporary teeth. But this man never had any 
true molars, and no such backward elongation of the jaw had ever taken 
pl^e, so that; though he was a full-sized man, his jaw was no larger than 
a child’s. 
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been presented to the Odontological Society by Mr. Hepburn, 
which are indisputably known to be models of lier mouth, 
and these do not show any excessive number of teeth. The 
teeth, at least such of them as can be seen, are enormously 
large, but the mouth is affected with general liypertrophy 
of the gums and alveolar processes to such a degree, that 
only a few" of the teeth can be made out. 

But this does not make her case the less interesting to 
the odoiitologist, for in the luigc teeth, the enormous papillm 
of the gum, and the redundant hairs on the face, we have 
evidence of a disposition to hypertrophies of the integument 
affecting in different places the different tegumentary 
appendages which happen to be there. And that the teeth 
arc dermal appendages has been show’ii at a previous page 
(see page 2). 

He would indeed be a rash man wlio ventured to assert 
that he had recognised all tlie agencies which are at work 
in the modelling of animal and vegetable forms; but it is 
safe to say that, at the present time, w"e,aro accpiainted with 

natural selection,” or “survival of the fittest,” an agency 
by which variations beneficial to their possessors wdll be 
preserved and intensified in successive generations ; of 
“ sexual selection,” which operates principally by enabling 
those possessed of certain characters to propagate their race, 
while others loss favoured do not get the opportunity of so 
doing ; and of “ concomitant variation ” between difterent 
parts of the body, an agency much more recondite in its 
operations, but by w'hich agencies affecting one part may 
secondarily bring about alterations in some other part. , 

And operating in the contrary direction, we have a certain 
fixity of organization, so that the power of inheritance is 
constantly asserting itself by the retention of parts Avhich 
have become useless, for a time at all events, and by 
the occasional reappearance of characters which have been 
lost. 


u 
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Some rather contradictory statements have been made aa 
to the direct effect of high feeding, improvement of breed, &o. 
upon the cutting of the teeth, early maturity being of course 
one of tlie aims of the improvers of farm stock. 

With regard to horses, neither high feeding nor improved 
breed seems to have made any difference, e.r/.y a Highland 
pony at five years has as full a mouth as the most pampered 
hdrse. But in cows it seems to be <liffcrcnt — thus Highland 
cattle have all the permanent teeth at four-and-a-half or five 
years of age, whereas some improved breeds have a full 
mouth at three years (Williams, “British Dental Association 
Journal,” Ai)ril, 1882). 

Prof. Brown (“ Journ. IJoy. Agricult. Soc./’ 1881, where 
m.ay be found much valuable information on this subject,) 
has been unable to trace any cliangc in thirty years, though, 
if the older writers were accurate, a real acceleration has. 
taken place over much longer ])eriods. 

He, however, quite denies that high feeding, of a litter of 
pigs, for example, will produce any immediate effect, and 
strongly lays doAvn that their dentition is a reliable test 
of age. 

At the present time naturalists are divided into two 
cftrnps : those who hold that the agenciet enumerated are 
all-Aifficient, and, wdth Prof. AA'eissmann, hold that qualities, 
acquired during its life by the individual under the influence 
of outside conditions can never be transmitted ; and those,, 
the so-called Neo-liamarckians, who believe that they cjin. 

Amongst the strongest advocates of this latter view are 
Sieveral of the American naturalists who have given much 
attention to feeth. Profs. Cope, liyder and Osborn, to whose- 
views 1 shall have from time to time to recur. 

Thus it has been suggested (J, A. liyder, Proc. Acad. 
Nat. Sciences, Philadelphia, 1878), that the pattern of the 
molar teeth of herbivora is the result of the extent and 
direction of the excursions of the mandible when it is in U8e„ 



INTRODUCTORY REMAHKHi. 291 

and so depends upon the form of the glenoid cavit. 3 '^ and of 
the condyle, and that hence the greatest luodification is to 
he found nearest to the articulation, where the greatest force 
is exerted. 

Thus “ bunodont ” animals, i.e. those that have rounded 
conical cusps upon their short-rooted teeth, have a cylindrical 
condyle ; selenodonts, or those with crescentic ridges on the 
molars, have a condyle which is expanded and |)lano, while 
lophodonts, or those with transversely ridged teeth, have a 
globular condyle. 

In a modified fonn this idea is accepted b}^ Osborn 
(American Naturalut^ 1888), who points out that in follow- 
ing up the lino of p.alajontological evidence, veiy fnlly 
oxeinplified in the rich collection of jMesozoie animals now in 
the various American museums, the sj)ots where we ma^^look 
for and find now cusps arising are just those where, in 
allied aninuds of an earlier date, the earliest and greatest 
marks of attrition occur. 

That there is some correspondence between tlie cond^de, 
the movement of the jaw', and the form of the teeth is 
a fact, but it is not so easy to see how^ it is brought about. 

The simple mechanical exjdanation that the teeth arc 
so to speak drawn out into these fonns, whether in omf or 
in ten thousand generations, does not commend itself \o my 
mind. For that portion of the tooth which is subject to 
these direct influences is hard and rigid, and its form, 
whatever it be, in that individual is unalterable : in order to 
alter the form of a masticating surface by direct mechanical 
means, the influence would have to be brought to bear uppn 
the teeth while they are yet soft, when the}' dre still buried 
within the jaw. 

Without going the length of altogether subscribing to 
or denying this doctrine, the difficult}' of seeing how a 
mechanicallj^-acquired character should be inherited, is at 
least as great as the difficulty of realising how advantageous 
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specialisations should be carried further and intensified by 
the ordinary laws of natural selection. 


THE 1[OMOLO«1ES OF THE TEETH. 

As teeth are of all pai*ts of the organism the most con- 
stantly preserved in a fossil state, naturalists have given to 
them an immense amount of attention, and have studied them 
closely with a view to the elucidation of the line of descent of 
the animals who possess them. Hence speculation has been 
rife as to the road by which the comparatively complicated 
teeth of the mammalia have anived at their present form, 
seeing that it is impossible to doubt that they have been 
evolved from the simpler forms to be met witli elsewhere. 
We have learned that, with some exceptions, the teeth of fish 
and of reptiles are alike in all parts of the mouth, but this 
only occurs in a few mammalian groups, and it also happens 
that this simplicity goes hand in hand with the absence of 
any functional succession in the teeth. Hence Homodont 
.and Monophydont are terais often applicable to the same 
creatures. Of Homodont mammals, i.e., those which have 
similar teeth in all p.arts of the jaws, the (yctacea afford good 
examples. Thus the Dolphin (see fig. 142) has a great 
number of sharp conic.al teeth, those of the lower jaw alter- 
nating with and fitting in between those of the upper jaw, 
and it is believed that the teeth of higher mammals are 
derived from some such a dentition, though not from these 
pfarticular ones, for they do not stand in the line of descent, 
but have retrograded so far i\& teeth go. It is suggested by 
Kiikonthal and Hose, though the idea is much older than 
their time, that the occurrence of multicuspid teeth may be 
explained by the shortening of the jaw and consequent crowd- 
ing of the teeth leading to the coalescence of several simple 
conical teeth to form a single tooth with several cusps ; thus 
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they would regard any five-cuspcd human lower molar as 
the descendant of five originally distinct simple cones. 

But a study of the palaeontological record negatives this 
idea, for if it were at all true wo should have to account 
for the plicnomenon of the fused tooth again becoming 
simple in Mesozoic mammals, and then again at a later 

Fifi. 122 (‘). 





period becoming furnished with more numerous cusps, 
which does not commend itself as prol)al)lc. Professors 
(yope and Osborn have evolved from the study of the 
oldest mammals known to us a more satisfactory 
theory of the genesis of tooth forms. They find 'that 
in the very generalised form, Dromathcrium, the teeth are 
little more than simple cones ; in Amphilestes tlie^'^ find a tri- 
conodont stage ; while in Spalacothcrium the three cones 
instead of being placed in a line, have become in the upper 
teeth two outer and one inner cusps, and in the lower one 
outer and two inner cusps. * 

At this stage wo have what is termed the tritubercular 
tooth, which, with slight modification, is exceedingly common 
pi the mammals of the early geological periods. 

(') 1. Tooth of Dromatherinm. 2. Triconodon. 3. Tootli of Sjja1aco> 
thcriurn (Tritubercular), inner .aspect. 4. Working surface. 5. Outer 
aspect (after Osborn). 
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In order to give precision to the further study of tooth 
forms, special names have been given to each of these primi- 
tive cones or cusps ; thus the original principal cone is 
called the protoconc, and of the tAvo subsidiary cones, the 
anterior one is called paracone, and the posterior one meta- 
cone. The lower tooth cusps arc distinguished by being 
callpd protoconid, i)araeonid, and inetaconid. Thus the 
corresponding cusps are the inner (protocone) in the upper 
tooth, and tlie outer (protoconid), corresponding to the oviginal 
single cusp ; the aiitero-extcrnal of the upper and the antero- 
internal of the lower jaws being called paracone and para- 
conid i'es})octively ; and the postcro-external of the upper 
entire tooth, and the postero-internal of the lower primi- 
tive triangle the nictacone and metaconid respectively. 

Thus, in the earliest type, the upper and lower teeth are 
alike, the cusps being arranged in line ; and in the simple 
tritubercular type they are still alike, save that the apex of 
the triangle is directed outwards in the lower, and inwards in 
the upper jaws (^'.//. Hpalacotherium, and ? Chrysochloris) ; 
then, whilst the primitive triangle still remains the chief 
part of the crown, other cusps come to be added ; fi.r 
instance, a posterior heel carrying a cusp termed the Iiyi)o- 
conid^or hypocone, as the case may be ; anA very often this 
added heel carries two cusps, one inner and the other outer, 
making a (juinquc-cuspid tootli, such as is represented in the 
accomj)anying figure, wdiich is adapted from Prof. Osborn. 

In this figure the teeth arc looked at from below, the 
lower teeth (shaded) being supposed to be transparent so as 
to* show the r9lation of the cusps of the Tipper and lower 
teeth to one another. The cusps of the loiver teeth, which 
belong to the primitive triangle, are black and of larger size 
than those added ; those of the upjicr are ringed, and also of 
larger size than those added ; the cusps of the low^r teeth 
are indicated by letters, those of the upper by numbers. Of 
the additional cusps, the hypoconid is numbered 4 and 



INTRODUCTORY REMARKS, 295 

lettered d, the fifth cusp or eiitacoiiid is not lettered at all, 
for the sake of clearness in the diagram ; in the upper tooth 
these homologies are not <piite clear, there often being two 
corresponding additions, making six in all. These are called 
protoconule and metacounlc, and are rc])resented in the 
diagram by the smaller unnumbered rings. The cusps of the 
primitive triangle arc often joined by ridges. 

The formation of the (|uadri-tubercular tooth is got at, 
not by the simple addition of one cusp to the primitive tri- 

Fkj. 123 (‘). 


z 


angle, but by the addition of two and the more or less com- 
plete suppression of one of the three of the primitive 
triangle. 

It will be seen that in the case of the lower tooth A\q 
hypoconid is added, making a quadri-tubei*culate tooth* and 
then the entaconid making a (piinque-tuberculatc tooth, but 
in the upper tooth a quiiKpie-tubcrculatc tooth is got by the 
occurrence of two intermediate cusps, not numbered in the 
figure, the ])rotoconulc and metaconule ; whilst the final 
addition of the hypocone makes a six-cusped tooth ; thore.is 

(‘) Diagram of two ujiijcr and two lower qii.-wlri-tuberciilar molai-s, 
adapted from Osborn in order to show relation of eusps. The shaded lower 
inolai's are supposed to be transparent, and to be looked at from below. 
The cusps of the primitive triangle are marked heavily, and are united by 
strong lines, those of the lower being solid, those of the upper ringed. 
€ 1 . Protoconid. b, Paraconid. c. Metacouid. d. Hyimconid. 1. Pro- 
tocone. 2. Paracone. 3. Metacone. 4. Hypocone. 
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thus ii slight want of sequence in the order in which the 
cu8p« come upon the scene in the upper and lower teeth, 
which makes their correspondence open to question; indeed, 
it is fully admitted by Osborn that there are doubts as to the 
liomologies of these secondary cusps in the upper and lower 
teeth. To further illustrate the application of this nomen- 
clature, taking the lower teeth, the lower carnassial tooth of 
the* carnivora has tlie primitive triangle, with connecting 
ridges and an additional low hypoconc. The same type 
occurs ill many marsupials and insectivores. 

Add the hypocoiiid and entaconid, and we have a common 
type of quinquc-tuberculate molar ; then suppress one of the 
cusps of the triangle (the metaconid in Carnivora or the 
paracoiiid in Ungulata), and we get the quadricuspid burio- 
dout molar. But the reader who wishes to follow those 
transformations in detail must be referred to the original 
memoir. 

liOWEB Molars. 

CUSPS. 

g ^ I An tcro- ex tern a 1 = protocoiiid . 

S I® / Aiitcro-iiiteriial = paraconid. 

Intermediate (or, after the loss of, the paraconid, 
antero-internal) = metaeoniil. 

Postero-external = hypoconid. 

Postero-internal = entaconid. 

Upper Molars. 

^ ■ Antero-internal = protoconc. 

•g*§ ! Antero-external = paracolic. 

*^3 £ Postero-exteriial -- metacoiic. 

Ph 

Postero-iiitemal (sixth cusp) = hypocoiie. 

Autero-intermediate = protoconule. 

Posterior intermediate between mctacone and hypo- 
cone = metaconule. 
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As has been already mentioned, this occurrence of a 
tritiiberciilatc molar wiis almost as universal amongst Meso- 
zoic mammals as a pentadactyle foot ; the whole triangle of 
the lower tooth in closure of the mouth passing in front of 
that of the upper, the teeth of the two jaws thus alter- 
nating, rather than meeting grinding surface to grinding 
surface. Prof. Osborn believes tliat these three primary 
cusps formed a central stage from which the grccat majority 
of recent molar types have diverged by the addition, modifi- 
cation, and reduction of cusps ; we must exce])t the Mono- 
tremes, the Edentates, and possibly the Cetaceans, although 
there is considerable evidence that the Cetacean molars were 
once of a triconodont type. 

It is very interesting to note that even when teeth liavc 
become flat-topped and quadri- or quinque-tuberculatc, the 
primary triangles of tlie upper and lower teetli retain their 
old relative positions, Le. alternate with one another. 

The view of Virchow that, in a case in which the place of 
a molar had been taken by three peg-shaped denticles with 
separate roots, these are eAudences of atavism, multicuspid 
teeth having been arrived at by the fusion of several 
originally separate teeth of a homodont dentition, seems not 
to be borne out.' 

And for the present the determination of the homologies 
of the cusps set forth by Osborn seems to hold the field, 
though it may come to bo modified in the future ; for this 
reason, in the later part of this book, little or no attempt 
has been made to give the homologies in describing the 
teetli of individual mammals. % 

As has already been mentioned, there arc those who dis- 
sent from the proposition that the protocono is on the inside 
in the upper teeth, holding that it is on the outside in both 
upper and lower teeth ; again, Scott (Proceedings of the 
National Academy of Sciences, Philadelphia, 1 893 ) considers 
that it is not true of premolars, though he accepts it for 



*298 A MANUAL OF DENTAL ANATOMY. 


molars, claiming that even where the premolars attain to a 
close msemblance or identity with the molars, yet the resem- 
blance is superficial, and that it has been got by a difterent 
process, the protocone in them being on the outside in both 
jaws. 

He proposes for the premolars a slightly different nomen- 
■claturo, namely, protocoue, dcuterocone, tritocone, tetraconc, 
in the order of their successive appearances. If this could 
always be ascertained, this nomenclature would seepi an 
improvejnent, but time alone will show which will establish 
itself in general use. In the paper referred to, he applies it 
only to the preinolars, but it is undesirable to multiply terms 
if it can be avoided. 

'fhe stages of tritubcrculism, a term first employed by 
Riitimeyer, are thus set forth by Osborn : — 

J. Haplodbnt 'ry|)c.- A simple conical crown, with single 
root, not well marked oil’ from the crown. Not as yet 
known among primitive mammalia. 

I a. Protodont Type. — One main cone with lateral 
accessory cuspules ; root grooved. Ex. Droniatherium from 
American Trias, 

II. 'rriconodont Type. — One central cone with two 
lateral accessory cones ; root double. Ex. Triconodon. 

III. ^rritubercular Type. — Crown triangular with three 
main cusps, the central or principal cone internal in upper 
molar and external iii lower molar. Ex. Spalacotherium 
and Asthenodon. 

In various sub-types the primitive triangles form the main 
hoijiy of the crown, to which other secondary cusps are 
added. They diverge towards bunodont teeth, in which a 
quadri-tubercular form is assumed by the loss of one of the 
primary cusps and the addition of a heel which contains two 
secondary cusps, and tow^ards a sectorial type in which the 
heel is low, and the threp primary cusps are connected by 
cutting ridges. 
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There is no doubt as to the homologies of the tliroe 
primary cusps, and the fresh added secondary c\isps (hypo- 
cone and hypoconid) wliich are probably homologous with 
one another ; it is in the further additions that the doubt 
becomes strong. 

No buuodont forms occur in the Mesozoic period, but 
they come in the (h-etaceous period. The early and very 
general assumption of tlie tritubcrcular t^ pe indicates that 
the sipipler forms are to be sought outside the mammalia, 
and it suggests that where we find them in mammals that 
they may bo due to retrogression. 

Without wearying the reader by tracing out tlie genesis 
of each cusp, mention may be made of a very instructive 
series of comparisons of the molar teeth of liisectivora by 
Mr. Mivart (Journal of Anat. and Physiol., 1868), pointing 
out that within the limits of tliis group a great variety of 
patterns is met with, the several modifications being cun- 
Jiected by transitional forms. 

Jt would appear that upon the molar tectli (upj)cr) of 
Insectivora there are four principal cusps (lettered a, b, c, d, 
in the figure) Avhich are more or less connected by ridges ; 
such simple teeth arc met with in the eleidiant mice 
{Macroscelides) *aiid hedgehog. The cingulum is well *de- 
veloped in most of the group, and the further coinjilexity 
of the crowns, which often bristle with sharp points, is 
brought about by the elevation of the cingulum into long 
sharp points, ecjualling, or exceeding in length, the princii)al 
cusps of tlie tooth. 

Thus in Urotrichus, a Japanese creature having atfinilves 
with the mole, the external ciiiguluin is elevated into three 
distinct jiointed cusps, united by ridges witli the two prin- 
cipal cusps, an arrangement which gives a sort of W pattern 
to the surface, wliile to the inner side the cingulum forms 
another cusp, so that there are in all eight cusps ; the 
common mole has the third cusp developed from the outer 
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cingulum, but its two inner principal cusps arc fused together 
and lose their distinctiveness. The suppression and fusion of 
cusps is carried to a much greater extent in the compressed 
teeth of the iridescent mole ((^hrysochloris), but there are 
intermediate forms which render it easy to identify its 
reduced parts with those corresponding to them in the mole 
or in Urotrichus. 

Speaking generall}', it may be said that new cusps are 
added to tlie number already existing, by the cingpluni 
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becoming elevated into points ; it is not very unusual to 
see subsidiary cusps obviously originating in this w’ay upon 
human molars. 

liidges may variously connect the cusps ; Iflivart suggests 
that the coalescence of two or more cusps to form an 
exceedingly elevated point is illustrated by the carnassial 
tooth of Carnivora ; to tliis ti’ansformation certain marsupial 
teeth form the clue, as they afford unquestionable evidence 
of such coalescence by a gradational series of small modifica- 
tions in this direction occurring in allied creatures. But 
this view is at variance with that of Cope and Osborn. 

(*) Upper molar teeth of (A) Urotrichns ; (P>) Mole ; and (C) Oliryso- 
chloris. The four principal cusps arc lettered, ff, ft, c, c/, in each of the- 
ligures. In A the cingulum has been elevated so as to form four additional 
cusps on the exterior of the tooth, and one additional cusp on the inte- 
rior. B. and C. show the fusidu of certain of these cusps, and the con- 
sequent diminution in their number. (From Mivart.) 
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A common pattern of tootli is formed by the junction of 
the two anterior and two posterior cusps by simple ridges ; 
and the cingulum may connect the outer ends of these two 
ridges ; such a tooth is seen in the Tapir, and in tlio 
l^alreotherium. By the varied obliquity of these ridges, 
and by the introduction of secondary inflections, patterns 
apparently dissimilar are arrived at. 

In the molar tooth of the horse, arrived at by a modifi- 
cation of the Pala'othcrium tyj)e, we have a surface con- 
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stantly kept rougli by the varying hardness of its different 
constituents. 

In a worn toDth, we liavc upon a general field of dentine 
two islands of cementuin, bounded by tortuous lines of 
enamel, and on the inner side a S(a't of ])roinontory of 
dentine, bounded by enanicl. The tortuous lines of enamel 
by virtue of their hardness will, at all stages of Avear, he 
more prominent than the dentine or the cementuin, and 
will hence maintain the efficiency of teeth as grinders. • 

The patterns of grinding surface thus j)r6duced arc very 
constant for allied sfiecies, so that an individual tooth of a 
herbivore may sometimes be correctly referred to its genus, 
and always to its family. 

(') Molar tooth of Horse, showing thc> characteristic pattern of its 
grinding surface. 
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But as it will be necessary to recur to this subject from 
time to time, it will suffice for the present to point out that 
such correspondences do exist, and that all the complexities 
of pattern found, may, in practice, be reduced to some few 
tyj)cs. 

The development of additional cusps from up-growths of 
tlic cingulum, and the suppression or fusion of pre-existing 
cusps, may bo traced by a comparison of the teeth of allied 
animals, and thus connecting links are found between pat- 
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terns at first sight very dissimilar. Tlie ortlcr Ih’oboscidca 
affords, however, so instructive an instance of the manner in 
which an exceedingly complex tootli has been derived from 
a sjmyde one, that it may be mentioned in ^his jdace as an 
example. 

The tooth of the elephant is so strikingly unlike other 
teeth, that it might at first siglit be supposed that it is 
more essentially different than is really the case. The clue 
to its nature is afforded by the tectli of an extinct Pro- 
boscidian, the Mastodon. If we take as our starting point 

«• 

* 

(') Second upper molar of Mastodon (loiigirosiris), from Falconer. 
About one-eighth natural size. The four transvci-sc ridges, />, r, d, e, are 
scon to be, to some extent, divided into outer and inner divisions by a 
longitudinal cleft, much less deep than the tiausvei*sc indentation. At 
the front there is a slight elevation of cingulum into a “ ttilon ’’ («), .and 
similar one at the hack of thp teeth ; by its further elevation additional 
ridges or cusps would be formed. 
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the second true molar of one of the Mastodons (Tetralo- 
phodoii) we find its crown to be made up of four strongly 
])ronouuced transverse ridges, the summits of which are 
made up of rounded eminences (whence the name Mastodon,, 
from fiaa-Tos, a nipple). The four transverse ridges coalesce 
at their bases, and the crown is supported upon a number of 
roots corresponding to the ridges. 

If we take the next tooth, or the third true molar, tho 
general character remains the same, save that there arc five 
ridgds, and indications of as many roots ; still the general 
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correspondence of the ridges with the cusps of less aberrant 
teeth is obvious. 

The crown is coated by enamel, over which there is a Jbhin 
layer of cement, which docs not till up the whtde interval 
between the ridges. 

Thus the tooth is not a very aberrant one ; it is obviously 
nothing more than a tooth in which the somewhat numerous 
cusps arc connected by transverse ridges, and arc very long 
and strongly pronounced. 

To convert the tooth of a mastodon iiito that of* an 
elephant, we shoidd have to multiply the number of ridges, 
to further increase their depth, to fill up solidly the inter- 
spaces between them with cementum, and to stunt the 

(^) Molar Tooth of an Asiatic Elephant, ghowing the transverae plates of 
dentine bordered by enamel. 
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roots. The completed tooth of an elephant is a squarish 
or rather oblong mass, from the base of which spring con- 
tracted and stunted roots. It consists of a common piilj) 
cavity, small in proportion to the bulk of the tooth, and 
deep down in tlic mass ; fix)m it many thin laminfe are 
sent up to wauls the surface, each forming the core of an 
area of dentine enclosed by enamel ; and the interspaces of 
thesfe exaggerated cusps are solidly filled in by cementum. 

Between the Mastodon and the Indian Kleph.ant are a 
number of transitional forms in which we are able to trace 
the gradual modification of the not excessively aberrant 
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tooth of the Mastodon into the very peculiar huge molar 
of the Indian J^lcphant. 

The numerous transvci'se plates of the elephant’s grinders 
are united by dentine at their bases, and a common pulp 
cavity and truncated roots are formed ; but in this last 
respect the molar teeth of the Capybara depirt still farther 
from l?he ordinary type, for being molars of persistent 
growth, their iiumerous transverse plates of dentine and 
enamel do not become continuous, and there is no common 
pulp cavity. It is as though in an elephant’s grinder the 
plates, which arc for a long time distinct, never coalesced, 
but continued to grow on separately, being united with their 
fellows by cementum only. 

In what might be termed a typical tooth we should have 
a single central pulp cavity sun-ounded by a body of hard 
dentine; over the crown this is coated by enamel, whilst 

(^) Molar of Capybara, shoiving the transyersc plates of dentine and 
enamel united to one another by cementum. 
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the whole, crown and root, Avould be invested by a layer of 
cement. 

The layer of coronal cement may be so thin as to be 
merely rudimentary, as in Man or the Carnivora; or the 
investment with enamel may be only partial, as upon the 
front of a Rodent incisor ; or a tooth may be composed 
solely of a mass of hard iin vascular dentine, as in the teeth 
of the Wrasses. 

And just as endless varieties of teeth may be produced by 
the suppression, or partial suppression, of certain of the 
tissues, so ditferences may be brought about by the occur- 
rence of other than the three usual tissues. Thus the 
remains of the central pulp cavity often becomes occupied 
by calcified pulp, forming “ osteodentine ; this, which 
occurs in man as an almost pathological condition, is pei*- 
fectly normal in many animals ; in the sperm whale, for 
instance, or in the constantly growing teeth of the sloth, the 
central axes of which are occupied by dentine permeated by 
vascular canals. 

It is not so much the complexities induced by variation 
in minute structure that concern us here, as those brought 
about by the arrangement of the different tissues. 

If we take a simple conical tooth with one cusp, such as 
a canine, and grind or 'wear down its apex till the terminal 
portion of enamel is removed, its blunted end will present a 
more or less circular area of dentine, surrounded by a rim of 
enamel. If we imagine a tooth with four long similar cusps, 
we shall at a certain stage of w'ear have four such areas, 
while eventually, as the tooth gets worn down below tho 
level of the basis of the cusps, there will come to be a single 
larger area of dentine surrounded by enamel. Thus in those 
teeth the grinding surfaces of which are rendered complex in 
pattern by the presence of several cusps, the pattern changes 
from time to time as the tooth w^ears down; while the 
addition of thick cementum filling up the interspaces of the 
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cusps, adds a further clement of complexity, as is seen in the 
teeth of most herbivorous creatures. The change of pattern 
induced by the wearing down of the surface to a lower level 
is well and simply illustrated by the “ mark ” of the incisor 
teeth of a horse. 

In an uncut, and therefore perfectly unworn tooth, the* 
condition of the apex may be comi)ared to the finger of a. 

Fig. 129 (>). Fio. 130 (2). 






glove, the tip of which has been pushed in or invuginated^ 
The depression so formed is, like the rest of the surface, 
coated with enamel, and with a thin layer of cementum. 

, When the tooth is worn down to a considerable extent, we* 
'have a field (5f dentine, in the centre of which is an oval ring 
of enamel ; within this a space filled with the debris of food,. 
«fec. This constitutes the mark, and as the tooth becomes 
further w'orn down, below the level of the bottom of the pit> 
the mark disappears, and a plain area of dentine results. 

(^) Horse incisor, longitudinal section. 

(‘) Horse incisor, showing the mark at various ages. 
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Somewhat similar inflexions occur abundantly also upon 
‘the sides of the tooth. The inflection of the surface, which 
in the incisors of the horse is of the simplest possible form, 
may be cruciform, or variously waved and broken up, thus 
leading to all sorts of complications of surface. As the 
tooth becomes worn, the longitudinal inflections, running 
in from the sides, may also be oblique, or variously waved, 
or they may extend through the entire width of the tooth, 
thus cutting it into a scries of plates of dentine and 
enamel, fused into one tooth by the cementum (see fig. 125). 

To briefly summarise, there is now no doubt that so far as 
mammals go the original type was diphyodont, and in various 
degrees heterodont, and that they had a common dental 
formula. 

The earliest mammals are known only by the jaws ; 
perhaps they Averc rnoiiotrcmes, but at all events they were 
so modified that they do not stand in the direct line of 
descent, and their molars were multituborculate. 

Then in Mesozoic times we find a few simpler forms, but 
some were haplodout, more Avere triconodont, and by far 
the greater number Avere trituberculatc. And here Ave are 
upon assured ground, for every knoAvn Triassic, Jurassic, 
Cretaceous and e?irly Eocene mammal is in some stage of 
Trituborculism. 

Whatever may be the precise homologies of the cusps, 
from these trituberculatc types of tooth are derived the 
more complex pattern of the teeth of later mammals. 

Then we have the suppression of some teeth, or even of 
the one or other entire set of teeth ; and in a few we hav«5 
dentitions in Avhich in the adult the persistent teetli belong 
partly to the one and partly to the other set. 

The evidence points to a unity of ancestry for monotremes, 
marsupials and placental mammals, but it equally shows 
that they diverged along three lineSp and are not by any 
means in one line of descent. 



CHAPTEli XII. 

THE HOMOLOGIES OF THE TEETH. ^ 

A suPBiHTciAL survey of the teeth of those mammals which 
possess two sets of teeth (diphyodonts) will indicate that, 
notwithstanding tJic apparent anomalies brought about by 
adaptive modifications, a close correspondence between the 
several teeth of diiferent animals exists. I^hat is to say, we 
can generally identify incisors, prcmolars, and molars ; nay, 
more, when an animal has less than the full typical number 
of a particular class of teeth, we can ordinarily say with 
certainty w’hich of them it is that are absent. 

Teeth are divided into incisors, canines, premolai's, and 
molars, but these classes do not all admit of quite satisfactory 
definition. Incisors are defined as teeth implanted in the 
intej-maxillary bone, a definition which *has the merit of 
being precise ; and on the whole there is a certain resem-. 
blance running through incisor teeth in most animals, but 
the definition of lower incisors as being the corresponding 
teeth in the lower jaw is a good deal less satisfactory, because 
they are not situate upon any distinct bone. And it has 
(jven been dqnied tliat there can be a true homology between 
a maxillary and a mandibular tooth. 

Incisors usually have but a single root, but in Galeopi- 
thecus (the so-called flying Lemur) the outermost of the 
upper incisors arc implanted by two roots, as is also the 
canine, which docs not differ much from the incisors. 

Molars are teeth at the back of the mouth, which come up 
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beiiind the milk teeth (whexi there are any), anil which are 
j^encrfilly subservient to grinding the food. 

Premolars are teeth in front of the molars, nsually differ- 
ing from them by being more sim])lc in form and being 
smaller, and, in typical Diphyodonts, by having displaced 
deciduous ])redecessors. But they are not filways simpler 
in form, nor smaller (<?.</., in the horse), noi* do they always 
displace deciduous predecessors they do not all do so 
in the ^[arsupials), so that this definition is not absolutely 
precise. Still, as a matter of practice, it is usually easy to 
distinguish the premolars, and the division into pi emolars 
and molars is useful. 

Any objection that can be raised to the name of premolar 
on the score of a short logical definition being impossible, 
applies with tenfold force to the canines. (Cf. Messrs. 
Mosely and Lankester, Journ. Anat. and Pliysiology, 18C9.) 

'file nearest approach to a good definition is that which 
describes the canine as the next tooth behind the intermax- 
illary suture, provided it be not far behind it; and the 
lower canine as the tooth wliich closes in front of the upper 
canine. 

A great deal of confusion has arisen out of the twofold 
sense in which the w’ord “ canine ” is used : if it were always 
applied to designate the first tooth in the maxilla of the 
typical mammalian dentition quite irrespective of its size, 
ifec., and the lower tooth closing in front of it, no objection 
to its employment could be made, inasmuch as it would 
designate truly homologous organs. 

But it so happens that the tooth in question^ is, in a verjf 
large number of familiar animals, developed to a large size 
and sharply pointed for use as a weapon, and so with the 
word canine there comes to be associated a teleological idea ; 
and hence we are dissatisfied with calling the first maxillary 
tooth “ canine,’' when there is some, other tooth which is 
doing its work. 
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On the other hand, if we are to leave out of court all con- 
siderations as to size, purpose to which ib is to be applied, 
and so forth, there is nothin<^ left to make it deserving of a 
name distinguishing it from the four teeth behind it. So 
we must be content with some such statement as the 
following. 

A very large number of animals, notably the Carnivora, 
have one tooth, situated a little way from the front of the 
mouth, developed to an unusual length and sharply pointed, 
for use as a weapon. The tooth which has undergone this 
adaptive modification is usually the first which lies in the 
maxillary bone ; in fiict, the foremost of the premolar seri#^s ; 
but it occasionally happens that it is some other tooth 
which hiis undergone this modification. When we use the 
term canine we should generally mean a tooth so modified, 
and generally, but not always, should be alluding to the 
same tooth, i.^., to the tooth which in the typical mamma- 
lian dentition comes next behind the outermost incisor — 
the first of the prcmolars, if we allow five premolars instead 
of four. 

It would practically be very inconvenient to abolish the 
term canine ; but it should be borne in mind that its signi- 
ficance is merely equivalent to “caninifoAn premolar,” and 
thus that in describing the dog’s dentition we should be 
less liable to be misinterpreted, were Ave to say that it has 
five premolars, of Avhich the first is caniniform. To thpse 
who accept the doctrine of evolution it is not needful to say 
more, as it is hardly possible to resist the conclusion that 
the teeth of the parent forms Avere, like those of the present 
monophyodonts, not much differentiated from one another. 
Then, as animals diverged and became modified in accordance 
with their requirements, their teeth Avould become so far 
differentiated that they Avould admit of being classified. 
Thus the Carnivora would have attained to a stage of differ- 
entiation in Avhich the canine is functionally certainly 
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deserving of a distinction, whereas along other lines of 
descent, diifcrentiation having not proceeded so far, or having 
proceeded in a somewhat different direction, it would not 
merit a distinctive appellation. 

But it will be desirable to point out a few instances of the 
difficulties to which those anatomists are committed who call 
some tooth a “canine” in every case where a tooth is 
situated in the maxillary bone, close behind the suthve 
which connects it wdth the intermaxillary bone, whether that 


Fxa. 131 (*). 



or any other tooth be large and pointed, “caniniform ” or 
not. 

In typical liuminants, the upper jaw lacks both incisors 
and canines (with certain exceptions, for which sec p. *286), but 
in front of the lower jaw there are grouped together eiglit 
teeth, closely fitted together, and of almost exactly similar 
size and shape. The outermost pair of these teeth arc 
called canines, because (1) in some allied species the tooth 
in this situation is more pointed ; (ii.) because this tooth 
shuts in advance of the upper canine wiicn the mouth is 
closed (in those allied creatures which have an undoubted 
upper canine) ; (iii.) because it is cut later than the others 
(Owen). 

(0 Oreodon Culbertsonii (after Leidy). It will be observed that in the 
upper jaw the four premolars of the typical mammaliaji dentition are 
behind the “canine,” but that in the lower jaw the tooth which would 
fulfil the functions of a canine is the first o^ these four, and therefore is 
not the corresponding tooth to the “ canine ” in the upper jaw. 
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These three reasons are weak, because form (i.) is a 
very unsafe guide to homology, and as to the lateness of its 
development (iii.), it succeeds to the third incisor, by Pro- 
fessor Owen’s own showing, after about the same lapse of 
time which separated the eruption of the second and third 
incisors. Moreover, Oreodon, an extinct Kuminant with 
caniniform teeth, hfis the eight incisors in the lower jaw in 
nddition to o caniniform tooth, which i» the Jiff h tooth counting 


Fi.s. 132 (>.). 



from the front. With reference to the relative positions of 
the upx^er and low’d* teeth, determining which is and whicli 
is not “ the canine ” (ii.), no one, looking at the dentition 
of Oreodon, w*ould be inclined to hesitate svhich teeth he 
should call “ canines ; ” yet the lower caniniform tooth 
shuts behind the upper, and therefore, according to this 
test, it is not a true canine. 

In the Lemurs there are similarly eight procumbent teeth 
occupying the front of the lower jaw', of wdiich the outer- 
m<i»8t i)air are called canines, although not in the smallest 
degree meriting that name for any other reason than that 
they close in front of the caniniform tooth of the upper jaw% 
for they are just like the other incisors. 

(*) Upper and lower teeth of the common mole. In it, just as in 
Oreotlon, the teeth which fujifil the functions of canines are not corre- 
.sponding teeth in the ui^per and lower jaws. 
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lUit it is ill the Insectivora, which in some respects 
represent an ancient and generalised inainiiialian form, that 
tlio greatest dithcidties occur. 

To the mole no less than four <lental formuhe have been 
assigned, all turning upon the identification of the canine, 
^riie difficulty is this : The upper tooth, wliicli looks like a 
canine, lias two roots, and is implanted (and its deciduous 
predecessors also lie — Spence Bate) within the limits of 
the premaxillary hone. And besides this, the lowxr tooth, 
whicfi answers the purpose of, and looks like, a canine, 
closes behind instead of in front of the great upjier teeth. 

Ei'icnlutt has a sharp, long, two-fanged tooth, in pattern of crown 
an enlarged preniolar, in position of ui^per canine, and no canini- 
form tooth in lower jaw. 

has typical canines, like a Carnivore, 

The so-called canine, differs in no respect from the 
premolars behind it. 

Erinffcaus. So-callcd upper canine, tw'o-rootcd, and like the jjrc- 
inolars which follow behind it. 

Gfi'mmmi, Upper canine-like tooth has two roots ; a single-rooted 
lower pointed tooth closes in front of it, 

MacroxcHu and PctrodroviVM, The third or outermost incisor is 
two-rooted, long, and sharp, and plays the part of a canine. 

Potn magnlc. A small tooth, in no respect different from the other 
premolars, is called a “ canine." 

j • 

In some of the groups no tootli has been lengtliencd and 
[)ointcd, so as to serve as a canine ; in others it is the wrong 
tooth, /'.f., not the same tooth as in the Carnivora, or as in 
otlicr Insectivora. Consecpiently, in the Insectivora the 
elevation of a tooth into caniniform length and character is 
a mere adaptive modification, which may affect an incisor, 
or a premolar, or no tooth at all. , * 

As regards the other premolars, there is no difficulty in 
their determination in those dentitions in wliich all four 
milk molars are present, and are all succeeded by permanent 
successors, but this by no means always happens. In a very 
large number of cases, the first tooth behind the canine has 
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had no predecessor and will have no successor ; hence it 
remains uncertain whether it is a milk tooth which persists, 
or a permanent tooth which has had no representative in 
the milk series. 

It is apt to be very small, and it is remarkable that 
although it is fiuictionless, it is apt to be long retained. 
Moreover, its eruption is apt to be later than that of the 
uncpiestionable second, third and fourth milk molars, so that 
it has some little claim to be considered as a member of the 
second series. 

But these difficulties which have been briefly pointed 
out do not prevent us from forming a pretty definite idea 
of what the usual complete mammalian dentition is, and for 
brevity it is usual to write this out in symbols, thus : — 

.81 43 

1 . c - pm . m ^ =44. 

8 14 3 


This is what is styled a typical mammalian dentition, and 
when teeth are absent fr<3m it, we can usually say which arc 
the absentees. And as it is not always the same tooth 
which is absent, a fuller dental formula may be written 
thus : — 


, h h. c-l P™2 pm^ nil 

' i, T pm, pm^ pm, pm^ m, m, m,’ 

.1.2.3 1 1 . 2 . 3 . 4 1.2.3 

or 1 c pm - m - . 

1.2.3 I ^ 1 . 2 . 3 . 4 1.2.3 


The general rule would appear to bo that incisors were 
losf from the outer end, by the third being absent when there 
are only two incisors; pi’emolars from the front of the 
series being the first to drop out of the formula, and 
molars from the hinder end, the third being the first to dis- 
appear. 

If wc were able to place in unbroken series all the den- 
titions through which, by progressive modification, the 
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original almost homodont dentition had passed into a 
highly specialised dentition, like that, say, of the cat, it 
would be a matter of impossibility to fix upon any point 
where we should be justified in asserting that here the 
homodont dentition has recently become heterodont : at 
this point, for the first time, w'c have incisors, canines, 
molai^s. 

It would appear to be highly probable that were the 
geological record tolerably complete, linking forms would be 
found whicli would reduce to insignificance the differences 
that existed between allied creatures in respect of their 
dentitions, and then we should be able to point to one 
unbroken scries of dentitions, beginning from the most 
highly generalised forms, and terminating in the most 
extreme modifications known to us. But a good idea of the 
imperfection of tiie record may be gathered from a review 
of the earliest mammals which have been discovered. 

Of the few mammals known to have existed in Mesozoic 
times, about a dozen genera have been got from a single 
locidity : the Purbcck bone bed ; this is a fresh water 
deposit found near to Swanage, and it is no larger than the 
floor of a very moderate-sized room, and only six inches 
deep. From \Ihis tiny patch comes most of our recotd of 
english Mesozoic mammalia, and in it are forms so 
differentiated, as for example Plagiaulax, as to clearly 
indicate that at this date mammals had long existed and 
were present in the country in great numbers, yet we know 
nothing at all of them. 

Recently a considerable number have been fouiicl in 
Wyoming, and Professor Marsh, pending 'evidence which 
'would place them either amongst the Metatheria or 
Eutheria, proposes for them the provisional orders Panto- 
theria and Allotheria. 

The earliest mammalian dentitions known to us carry us 
back no further than Mesozoic times, and of the Mesozoic 
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mammals we may say that they had mostly smooth cerebral 
liemispheres, no inflection of the angle of the lower jaw, and 
forty-four or more teeth : of these the canines had two roots, 
and the prcmolars and moLars were little differentiated from 
one another. The generalised members of these, whom Prof. 
Mjirsh proposes to group under the new order Panto theria, 
were perhaps the ancestors of the modern specialised 
Insectivora (American Journal of Science, April, 1887). 

The usual pattern of tootli was tricusjjid, the central 
cusp greatly preponderating, but it remains uncertain 
whether these Mesozoic mammals were Marsupials or 
Placcntals, or whether they may be generalised forms from 
which both liave been subsequently derived. 

The Amphitlicrium (lower jaw alone) is one of the 
earliest dentitions known, coming from the Jurassic 
formations ; it had sixteen teeth, which, so far as their 
forms can tell us, were 

i yoy pm-g ui-p. 

Hut from the Purbeck bone bed quite a number of forms, 
have been described, some of which have several incisors, 
and a general insectivorous type of dentition (Holyproto- 
donts); withers have a single long-pointed incisor on each side 
of the median line (Diprotodonts) like existing kangaroos, 
ami compressed blade-shaped prcmolars, so that even at 
this period much differentiation had already taken place,, 
and we are far from generalised parent forms. 

It is noted by (). Schmidt that specialisation of teeth 
ofteli goes hand in hand with specialisation of the extremities* 

A large number of extinct TTngulata had the full typical 
number of mammalian teeth, viz., forty-four, and in some 
the individual teeth, incisors, canines, premolars, and molars, 
^ passed into one another by insensible gradations, and 
contiguous teeth .were but little differentiated from one 
another. Professor Flower has described and figured such 
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an extinct Ungulate under the name of Homalodontotlierium 
(Philos. Trans., 1874). It is exceedingly interesting to find 
that far back in geological time the dentitions were more 
generalised, both carnivorous and herbivorous mammals of 
the Kocenc period usually possessing the full typical number 
of teeth, and displaying less of special modification ; but the 
few forms of life which have been handed down in a fossil 
state do not as yet offer us by any means an unbroken chain 
of forms differing from one another by progressive modifica- 
tion, except in a few cases — thus the ancestry of the liorse 
is now comparatively completely known to us. 

lint there are many exceptions to the rule — e.tj, tlie fii'st 
incisor is the first to disappear in the otter, walrus, and 
some few others, and a question has been raised as to the 
homologies of man’s two incisors. 

Wlien premolars arc missing, it is said that they are lost 
from the front of the series. Thus in the Baboon the first 
and second premolars are absent, so that its dental formula 
written in full is : — 


. 1 . - 2 . 0.0 
' 1 . 2 . 0 . 0 ^ 


1 

- pm 


0.0. 3.4 1.2.3 

0.0. 3. 4 1.2.3' 


This is generally true, but there are many exceptioiis, of 
which the following may be given. 

In many bears the second premolar is often lost, as is 
also the third, but the first and the fourth are very constant ; 
this is also true of some bats. (^) 

To make this more clear, Mr. Oldfield Thomas proposes to 
write out in full the dentition, thus : — i 

Bear 


.1.2.3 1 

‘ 1 . 2 . 3 '' 1 


1.0. 0.4 K2.0 

r. OTo74 “ 1.2.3' 


(0 This is ascertained by the examination of allied forms, in wliicli the 
third premolar is found to be so small as to be rudimentary. 
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There seems good reason to suppose that although modem 
marsupials have but three premolars, the original number 
was four, as in placental mammals; and a study of the 
genus Phascologale, among the Dasyuridm, in which pm jj and 
pm 3 arc very constant, but pm ,^ variable down to being a 
minute and functionless tooth in one species, has shown 
tliat in Dasvurus, with its two premolars, it is pm ^ that has 
gone. 

And a comparison of many specimens, in one of which 
(Phascologale) four premolars were present, pni^ being 
smaller than the others, and a skull of Dasyurus in which a 
rudimentary tooth was present between its two premolars, 
indicates that the other which has disappeared was pm.^. 


Thus Dasyurus has pm 


1 .^. 3.0 
1 . 0 . 370 ’ 


and Thylacinus pm 


1 . 0 . 3 . 4 

1 . 0 . 3 . 4 ’ 


Another difficulty arises from teeth which are beyond 
question of the permanent or replacing series, not persisting 
through the life of the animal, but being shed off. 

The wart-hog is a conspicuous exami)le of the early loss 
of fveth which clearly belong to the permanent series, 
all the ‘ teeth (premolar and molar) in front of the last 
great molar being cast off, and the dentition ultimately 
reduced to — 


Amongst placental mammals the number of the molars 
is three. 

The Tenrec, however, according to Mr. Oldfield Thomas, 
late in life cuts a small fourth true molar ; this coupled with 
its tritubercular pattern of molar teeth, indicates great 
antiquity. Of living mammals only the marsupials and 
Otocyon, a dog-like animal, have four true molam. 
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It is very unusual for the full typical number 44 to be 
exceeded : among recent placental mammals Otocyoii alone 
exceeds, but some fossil Ungulates have more than the full 
number, and so have some marsupials. 

As has been mentioned before, doubtless the original 
mammalian dentition was Homodont, like that of the 
Dolphin or Armadillo. 



CHAPTEll XIII. 

THE MILK HENTIITOX. 

Some thirty years ago Professor Owen called attention to 
the fact that those mammals in whom tho teeth situated in 
different parts of the mouth were alike in form (homodonts), 
developed only one set of teeth, and to indicate this charac- 
teristic he proposed, for them the term “ monophyodonts.” 
lliose which, on the contrary, had teeth of different size 
and form in various ])arts of the mouth (heterodonts), de- 
veloped two sets of teeth ; a “ milk '' set, which was dis- 
placed by a permanent set, and this peculiarity he expressed 
by the term “ diphyodonts.” As originally set forth, the 
terms homodont and monophyodont were interchangeable, 
for they designated the same groups of animals ; in the 
same way heterodont was an equivalent for diphyodont. 

But although this is true of a large number of animals, it 
is far from true of all, and it becomes necessary to note 
some of the exceptions. 

The nine-banded armadillo (Tatusia peba) is a true homo- 
dont ; its teeth are all very nearly alike, they arc simple in 
form, and they grow from persistent pulps. Yet it has 
been shown by llapp, Gervais, and Sir William Flower, to 
have a well-developed set of milk teeth, retained until the 
animal is of nearly full size. 

Thus it is a true diphyodont, at the same time that it is 
a true homodont mammal. But no milk dentition has been 
observed in the sloths, nor indeed at present has it been 
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seen in any other armadillo (except the doubtfully distinct 
T. Kappleri) ; so that some of the homodont animals are, so 
far as we know, really functionally monophyodont. 

Nor is it absolutely true that moiiophyodonts are all 
homodont : thus the rudimentary teeth of Balsenoptera are 
hcterodont (see page 351). 

Upon the whole, our information rcs])ecting the “milk 
or deciduous dentition is defective ; but much light has 
been thrown upon the subject by the investigations of 
Sir AV'. Flower (Journal of Anatomy and Physiology, 1869, 
and Transactions Odontological Society, 1871), of whose 
papers I have made free use in this chapter; and more 
recently by Kukenthal, Jldse, Leche, Oldfield Thomas, Wood- 
ward and others. 

The pei’petual replacement of teeth lost or shed in regular 
course, which characterises the dentition of fish and reptiles, 
finds no i)arallel in the case of mammals, none of whom 
develop more than two sets of teeth, though Leche believes 
that he has seen faint signs of a third series. 

Just as homodont mammals as a rule develop but one set 
of teeth, so heterodont mammals as a rule develop two sets 
of teeth, though exceptions to this rule may be found. 

The deciduous^ or milk set of teeth may be of any degree 
of completeness ; the milk teeth in man answer the require- 
ments of the child up to the age of seven years, and in the 
Ungulata they, commonly remain until the animal has 
assumed its adult proportions. On the other hand, in many 
“ diphyodont ” animals the milk teeth disappear very early 
indeed, as in the mole (see Fig. 132) ; whilst there are manV 
instances of the milk teeth being absorbed in utero. So 
that, in the extent to which the milk teeth are developed, 
the greatest variability is found to exist. 

A perfectly typical milk dentition represents, upon a 
reduced scale, the adult dentition of the animal, with the 

Y 
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exception only that sexual differences are but feebly marked^ 
if indeed they are at all present (see Fig. 133). 

Thus, as a general rule, the hindmost of the milk teeth 
bear more resemblance to the true molars which come up 
behind them, than they do to the prcmolars which come up 


Fig. 133 0). 



Fkj. 134 (-). 



from below to displace them, which latter arc generally of 
sampler form. 

In Avhat may be termed the normal arrangement, each 
tooth of the milk series is vertically displaced by a tooth of 

(1) Permanent and milk dentitions of a Dog ; the latter ivas well 
developed. Nat. size (after Flower). 

(") Permanent and milk dentition of a seal (Fhoca Greenlandia). Nat., 
size. 
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the permanent series ; but plenty of examples may be found 
of particular milk teeth which have no successors, and, on 
the contraiy, of individual permanent teeth whicli have never 
had deciduous predecessors. 

Kia. 135 (M. 





0 0 0 


incd) nizo 


Fio. irjti (-). 




Within the order Carnivora, the Dog and many others 
have a thoroughly well-developed set of milk teeth, which 
do service for some time ; in the bear the rpilk teeth aife 
relatively smaller, and are shed very early ; in the seal the 
milk teeth are rudimentary, functionless, and arc absorbed 

(^) Fenuancnt anil milk dentition of an Elephant Seal (Gystophora 
proboscidea). 

(*) Teeth of the truly monophyodont Grampus (Orca capensis). (These 
four figures are copied from Sir W, Flower’s paper.) 
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before birth, so that in the specimen figured the milk incisors 
had already disappeared. 

In the elephant seal the milk teeth are yet more rudi- 
mentary, and the difference between its dentition and that 
of the monophyodont homodont Cetacean (Grampus) is not 
great; an observation which is the more interesting, inas- 
much as this seal in other characters than its teeth approaches 
towards the cetacean group. From these facts, wliich are 
well indicated in the accompanying figures, Sir AVilliain 
Flower argues that the permanent set of teeth of diphyodouts 
correspond to the single set of monophyodonts, so that 
the milk dentition, when it exists at all, would be something 
superadded. 

This was a question upon which there was room for doubt, 
and although the facts adduced by Sir William Flower 
afforded the grounds for argument tliat this was the true in- 
terpretation, yet the known facts of development pointed the 
other way ; and more recently the investigations carried out 
by means of complete series of serial sections have rendered it 
almost untenable, so that Mr. Oldfield Thomas, at one time 
an adherent of that view, h«as now become a convert to the 
other, namely — that where only the one set exists, it is, in a 
laVge number of cases at all events, the milk set. 

For it has been shown that, as the tooth band goes on 
growing past the point at which the milk tooth germs are 
given off, the milk germ is, so to speak, of necessity 
arrived at first ; besides it sometimes happens that, whereas 
the milk germs go on to completion, there are also 
ijMdiments of successional germs formed, which abort, so that 
clear proof is* in these cases afforded that the functional 
teeth are homologous with milk teeth, and that it is the 
successional teeth which are suppressed. 

There arc, however, a number of cases in which the sup- 
pression of the one or the other is not complete, but certain 
members remain, mixed up with those of the other series. 
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It has already been mentioned that amongst homodonts 
no succession of teeth has been observed in the Cetacea ; 
but Kukcnthal states that the teeth of toothed 'whales 
(Beluga, Tarsiops and Globiocephus) are the milk teeth, 
inasmuch as germs of successional teeth which never cut 
the gum are to be found to their inner sides. 

In the earlier editions of this book it was suggested that 
the question could not be finally settled until we knew more 
of the development of the teeth of the monophyodont Cetacea : 
thus it might turn out that in them also there are abortive 
germs of milk teeth formed, Avhich do not go on so far as 
calcification, but which do bud off, as it were, germs for per- 
manent teeth ; if such should prove to be the case, this 
would bring their teeth into close correspondence with those 
of the elephant seal. 

'Ihis suggestion has not been borne out by the researches 
above alluded to ; on the contrary, in some of them at all 
events, it is shown that it is the permanent or successional 
teeth which have al)ortcd. 

No succession is known to take place in any of the 
Kdentata, save the armadillo. Mr. Oldfield Thomas has, 
however, shown that in the very aberrant form, Oiycteropus, 
a succession doeS take place (see page 343). Amongst hetdro- 
donts there are several Rodents which have no deciduous 
teeth, e.y, the rat ; the dugong has probably deciduous 
incisors, but no other milk teeth ; the elephant has no 
vertical succession, save in the incisors. 

The investigation of these questions is further complicated 
by the fact that there are quite numerous instances of ‘‘per- 
manent teeth, that is teeth unquestionably belonging to 
the second set, which are shed off early, and do not remain 
in place through the lifetime of the animal ; an example of 
this is to be found in the Wart Hog (Phacochsorus), which 
loses successively all its premolars and the first and second 
true molars, the last true molar alone being truly persistent. 
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And we find yet another form of complication in dentitions 
in which the functional i)ci*sistent teeth are some of them 
milk teeth, and some of them successional teeth. 

An example of this is to be found in the Hedgehog 
(Erinaceus), the persistent teeth of which animal are, 
according to Leche, 

i, ijj diq C dpma pm, pm^ nij mg m^ 
ig dig dc dpmg pm.* nij mg m. 

Thus of the milk teeth : — 


dig dpnig 

dig dc dpiiig 


all persist. 


On account of their relation in development to the primi- 
tive tooth band, writers of this school regard the true molars 
as belonging rather to the milk set, so far as homology goes, 
than to the permanent set. 

This mixing up of teeth belonging to the two series is 
perplexing. In the Shrews the second series is suppressed 
entirely (Leche). In the Bats the first series is homodont, 
the second heterodont. In the Edentates the first series is 

4 r. 

more heterodont, the second purely homodont ; and though 
order and generalisation will ultimately come as knowledge 
advances, at present the matter is in great confusion. 

Another problem is presented by the Marsupials : they 
are true heterodonts, but there is only one tooth on each 
side of the jaw which is replaced by a successor, namely, the 
last tooth in frgnt of the true molars. This was first pointed 
out by Sir William Flower, who laid down that the 
Marsupials had but one milk tooth, which is vertically dis- 
placed by the third or last premolar. 

This displaced tooth varies in the extent to which it is 
developed, from being rudimentary in Thylacinus, probably 
absent altogether in Dasyurus and Phascolarctus, to 
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l)eing a large tooth retained in use till the animal is nearly 
full grown in Hypsiprymnus. 

With regard to the idea that this is the firat dawn of a 
milk dentition, Mr. Oldfield Thomas writes (Annals and 
Mag. of Nat. Hist., 1892) : “The moment these (Marsupials) 
are proved to have ever been more largely diphyodont than 
they are at present, the whole case would fall to the ground ; 
and such proof seems to have been found by Dr. Kiikeiithal 
in the nearly complete set of rudimentary successional teeth 
discovered by him in Didelphys, which can hardly be inter- 
preted otherwise than he has done, namely, as rudiments of 
a previously functional set of teeth. Such being the case, 
T am now, for my own part, prepared to admit these 
mammals must have been originally diphyodont.” 

He goes on to observe that with regard to the so-called 
true molars, that originally all teeth would have been in 
duplicate, and cither set would be as likely to be suppressed 
as the other. So if this homology laid down by Ktikenthal 
is confirmed, in all probability the same will prove to be true 
of all Placental true molars, which as yet we have no real 
reason for believing to be serial or homologous with the 
permanent any more than with the milk set. In fact, the 
presumption is* rather in favour of Placental mammals 
having retained the same set as the Marsupials. 

Ktikenthal has shown good reason for regarding the 
persistent teeth of Didelphys as milk teeth, and while he 
regarded the solitary successional tooth as a second tooth, a 
further contribution to its interpretation lias been made by 
Woodward (Pro. Zool. Soc., 1893). In a careful examinatyn 
of serial sections from a very full series of Marfeupial embryos, 
he has discovered that the successional tooth arises from the 
tooth band between the third and fourth premolars, and in 
the manner of its origin strongly suggests that it belongs to 
the same series as the teeth which it displaces, and that 
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developmentally it docs not stand in the position of a true 
successor to any of them. 

The difficulty that this interpretation would lead to the 
assumption that the early Marsupials had five premolara is 
really not so great as it appears, for it seems quite certain 
that they had more than the recognised number of incisors ; 
and Myrmecobius at the present, and a good many early 
mammalian fossils show an excess in total number over the 
typical mammalian dentition. 

It has been shown that originally in all probability 
Marsupials had four premolars, a study of Phascologale 
indicating that Dasyurus has lost pmj. 

In the Ornithorhyncus Ave have an example of the loss of 
teeth, which doubtless in some ancestral form w'ere both 
more numerous and more persistent, and the Cyclostomatous 
fish (see page 220) appear also to be instances of degradation 
ill this respect. So also the seal Avould appear to be in the 
state of having nearly lost the one dentition : moreover, it is 
difficult to understand how, upon the evolution hypothesis, 
the earlier stages of the introduction of a milk dentition 
could be preserved and intensified, for they could have been 
of no use to their possessors. 

it is a probable hypothesis that the nortnal mammalian 
condition is Diphyodont, and that some Moiiophyodonts have 
arrived at the stage of having wholly lost their milk den- 
titions, whilst in others it has lingered on, as in Tatusia 
peba in full strength, or as in the seal, in feeble rudiments. 

Leche has endeavoured to classify the various forms of 
dentition thus : — 

a. The persistent teeth all belong to the milk dentition 
(the toothed Cetaceans). 

h. The persistent teeth all belong to the milk dentition, 
except only one permanent premolar (Marsupials). 

c. The j)ersistent teeth, so far as incisors, prcmolars 
and canines are concerned, belong partly to the milk and 
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partly to the successional series, with the addition of 
the true molars, which homologically belong to the milk 
dentition (Erinaceus). 

d. The persistent teeth, so far as molars are concerned, 
belong to the milk dentition, but all the others to the 
successional or permsincnt series. 

Of Monophyodonts, he says that there are two forms : 
the one the lower form, in which no successional teetli 
appear; the other the higher form, in which successional 
teeth do form, but the milk teeth are suppressed. 

Whilst our knowledge is still very fragmentary, some 
order seems to bo slowly coming out of the confusion. 

Tliore is a reason, or some show of a reason, for the suc- 
cession taking place as far back as the premolars, and the 
molars being exempt from change, Avhich, so far as I know, 
has not been noticed by any of the many writers upon the 
subject. In all mammals the whole length of the jaw, at 
the time of birth and afterwards, is occupied by tooth germs 
and afterw’ards by teeth ; it is well ascertained that the 
manner of growth in the jaw is by backward elongation, and 
that that portion which is occupied by the molars actually 
docs not exist at the time of birth. Tooth change might 
therefore be expected to be limited, as in fact it is, to that 
portion of the jaws wdiich exists early, while the animal is 
small ; a succession of tcetii could not exist in the molar 
region, because during the reign of the milk teeth in front 
the molar region itself does not exist. 

Oscar Schmidt suggests that the origin of successional teeth 
can be traced back to the shortening of the facial region, 
wiiich gave no room for the full number of tooth germs to lie 
side by side : the result of this crow^'ding being that they 
came to lie one upon the top of another, and the teeth lying 
nearest to the surface having to be used first get developed 
first, and thus the milk teeth are placed at a disadvantage 
owing to the hostile position of their successors’. 
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According to modern views, the Marsupials would have once 
possessed, but have now lost their second teeth, while the Seals 
have lost their first set : in these the single series condition 
(monophyodontism) marches hand in hand with the simplifi- 
cation of the functional teeth ; as they retrograde towards 
becoming homodonts, so they become more completely 
monophyodonts. 
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Rose. Anat. Anzeig., 1891 — 4. 

Leche. Morphol. Jahrbuch, 1892. 
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CHAPTER XIV. 


TRE TEETH OK MAMMALIA. 
n 

The ancestry of the Mammalia rests somewhat uncertain, 
and the Thoriodoiit reptiles are probably not in the direct 
line of descent, though they present certain resemblances to 
mammals. 

The mammalia are usually now divided into three groups 
— Frototheria, FCetatheria and Eutheria. 

The Frototheria comprise but few animals numerically, 
as no extinct forms are known, and of living animals only 
two families exist, namely, the Ornithorhyncidje and the 
Echidnidaj. 

They stand at the bottom of the mammalian class, and 
present many points of affinity with lower vertebrates, 
particularly with Sauropsida and Batrachia. 

Recent disco Veries have added fresh interest to at *all 
events the Ornithorhyncus, which has been found to lay 
eggs, and to be possessed of a unique arrangement of teeth. 

Metatheria, like the preceding group, have characters 
which place them low in the mammalian scale, but they are 
numerously represented at the present day, comprising the 
animals known as Marsupials, which practically monopoblse 
the Australian region, and exist also in the American conti- 
nent. In former tiiues they existed over other portions of 
the globe, and the earliest mammalian fossils are perhaps 
referable to the group. 

Entheria comprise all the mammals in whom the young 
are nourished by means of a placenta. 
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It must not bo supposed by tho student that the Meta- 
iheria of the present day are descended directly from the 
Prototheria^ or that the Eutheria are direct descendants of 
the marsupials ; it is more probable that exceedingly early 
and quite unknown mammalian forms have given rise to 
each of these stems, and that the Prototherla have advanced 
but little, the marsupials a good deal, giving rise to a large 
number of forms, while the Eathenfi have flxr outstripped 
the others, and have been and are supplanting them m all 
directions. 

It will be more convenient in this book to postpone the 
consideration of the marsupials till after the dentitions of 
placental mammals have been described. 


Pkototheria. 

The Echidna is, so far as is known, entirely edentulous. 

The Ornithorhyncus, which in its soft parts and skeleton 
alike differs from higher mammals in points which approach, 
the characters of Sauropsida, is furnished with wide flattened 
jaws in winch horny plates fulfil the function of true teetli : 
from this peculiarity comes^its name of duck-billed Platypus. 

Recently Mr. Caldwell discovered that it, though possessed 
of functional mammary glands, lays eggs, and more recently 
still Mr. Poulton found that at an early stage tooth germs 
were present, as he supposed, underneath the horny plates. 
Following upon this Mr. Oldfield Thomas found that its true 
teeth came into actual use, and that they were not beneath, 
bdt above the horny plates. 

To take first the dentition, if such it can be called, of the 
adult animals ; the homy plates with which the jaws are 
ultimately furnished are four in number in each jaw, the 
anterior plate being a thin long band with a longitudinal 
ridge and a furrow in its inner side, and the posterior plate 
a flat broad-topped m.'vss, the surface of which is roughened 
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l)y a series of ridges separated from one another by con- 
cavities, the ridges of the opposing plates interdigitating 
with one another. 

These plates arc simply pronounced thickenings and 


Fio. 137 (b- 



hardenings of tiic oral epithelium, and their under -surfaces 
are penetrated by long papilla), each of which sends uj) a 
prolongation of soft, deeply-staining cells from its apex, l^he 
plates are at their sides quite continuo\is with the stratum 

(') Upper and lower jaws of Ornithorhyncus. From the lower jaw the 
skin, &c., has been removed, but it remains upon the upper, n. Anterior 
hoimy plate, h. Posterior horny plate, with remains of tooth sockets, 
1. - 3. 
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corneum of the epithelium, of ^vhich their harder portions 
are composed ; there is no calcification, and no bony struc- 
ture in them. Somewhat similar horny structures occur 
upon the tongues. 

A full account of tlie structure and form of these plates ■ 
will be found in a paper by Mr. Poulton (“ Quart. Journ. 

. , Fiu. 138 (‘). Fia. 139 (*). 




Microscop. Science,” Vol. XXIX., n.s.), which is devoted to 
a full description of his most interesting and significant 
discovery of the existence of the true tooth-germs w^hich he 
believed to underlie the forming horny plates. 

f 

(^) Homy plate, a, of a half-grown OrnithorbyDcus, with ^pty pits ; 
by for the reception of the teeth. 

(^) Horny plate with teeth nn situ. c. Long ensp of tooth, after Prof. 
Stewart, from a specimen in the Royal College of Surgeons’ Museum. 
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From the want of material he was somewhat uncertain a» 
to the extent to which the calcification of these teeth goes, 
and what afterwards becomes of them, but he saw that there 
were the germs of four teeth in the upper, on each side, and 
probably the same number in the lower jaw ; and they 
occupy a widely open furrow, which he thought was subse- 
quently occupied by the homy plate. 

In this connection it is interesting to note that Professor 
Huxley, in writing of the Monotremes, had years ago ex- 
pressed the conviction that there is good reason to suppose 
that edentulous forms are modified descendants of toothed 
forms. 

Mr. Oldfield Thomas and Prof. Stewart subsecpicntly found 
that the true teeth of Oniithorhyncus are cut, and for a 
time arc in actual use ; they are twelve in number, two on 
each side being of some size, and the third very small. The 
upper teeth have broad-topped crowns, with two long cusps 
on the inner edge, and a crenated border along the outer 
edge with many small cusps ; in the lower this is reversed. 
They have low broad crowns with short stunted roots, by 
which, however, they are for a time pretty firmly held. 
Instead of being beneath the horny plates they arc on the 
top of them, and their • implantation is peculiar ; the * ex- 
panded* crowns narrow rapidly at the neck, and they arc 
surrounded by a very dense and thick epithelium, almost 
homy, which rises into a ring round them and dips under- 
neath the expanded portion, so that the crown lies in a sort, 
of cup of homy consistency. 

This cup is not complete at the bottom, but the ro{)ts. 
pass through it and fit depressions in the " bone, which is 
perforated by foramina for their vessels and nerves. When 
the creature is about twelve inches long the teeth are shed, 
and then the horny cups grow in underneath and become 
complete ; thus the curiously cupped and sculptured surface 
of the horny plates which have been so long familiar has its. 
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form determined by once having formed the bed for a tooth 
with several roots, and although the horn grows underneath 
and fills up the holes for the roots to go through, yet the old 
general form is maintained by the horny plate which serves 
as the organ of mastication throughout the rest of life of the 
animal. 

So far as is known, tliis is an arrangement quite uni([ue 
amongst mammals, or indeed any other tooth-bearing 
creatures. 

The horny plates are therefore not at all to be regarded 
as horny teeth, but they are epithelial structures which 
take the place of the teeth after these are shed, and there- 
fore they are not closely homologous with the horny teeth 
of lampreys and myxinoids. 

The true teeth consist of a body of dentine, with a central 
pulp cavity, capped with thin but hard enamel, and im- 
planted by short roots, the breadth of crown greatly exceed- 
ing its vertical dimension. 

The enamel is apparently of simple structure, and tlu' 
dentine is permeated by fine dentinal tubes and beset with 
a wonderful number of intcrglobular spaces, which in parts 
of the crown mask its tubular structure. In the principal 
cusp larger, apparently vascular, canals exist, and as one 
approsLches the stunted roots, a somewhat abnipt transition 
in structure takes place, all dentinal tubes disappearing, 
and large lacuntc appearing. 

The roots are hence of softer, coarser material than the 
crown, which itself is not of a high type of dentine structure. 

|Thus the dentine structure of the tooth is somewhat that 
which we are accustomed to sec as a result of pathological pro- 
cesses, and would suggest, so far as it goes, that the Ornitho- 
rhyncus tooth has degenerated from some earlier and more 
complete tooth-form in which the roots were properly developed . 

I am not acquainted with any example of this degeneration 
in the type of dentine formation as the root portion of the 
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tooth is approached in any mammalian tooth : in those teeth 
which have no roots, if such an expression may be allowed, 
but which arc about to become anchylosed to the bone, 
something of the kind may be seen (cf. also the tooth of 
Hesperornis, p. 274). 

The British Museum specimen described by Mr. Oldfield 
Thomas (Proc. Hoy. Soc., May, 1889) (*), shows that the teeth 
were subjected to severe attrition, as one which 'was about 
to be plied was worn as thin as paper. No tooth, fossil or 
recent, corresponds in naked-eye characters with that of 


Fi«. 110 (2). 



Ornithorhynchus, thougli that of the mesozoic Microlestcs 
does so in some degree, so that Mr. Oldfield Thomas gives a 
figure of it for comparison. 

Microlestcs has generally been looked upon as a marsupial, 
allied to Plagiaujax, though Prof. Cope has suggested thatp,ll 
the group of multi tubercul ate toothed mesozoic mammals 
may have been monotremes. 

But a microscopic examination of a tooth of Microlestcs, 
which Mr. Poulton kindly allowed me to make, shows no 
close resemblance to the recent marsupials, for the enamel 
is not clearly penetrated by dentinal tubes, nor does it pre- 
sent the peculiarities of structure found in Ornithorhynchus. 
Thus its structure gives no help, but rather goes to render 
still more indefinite its probable zoological position. 

(') An interesting discussion on the significance of the teeth of Omitho- 
rhynchus, by Professor St. George Miyart, 'will be found in the Proc. Boy. 
Soc.f 1888. 

(2) Molar tooth of Ornithorhynchus. c. Long cusp. 
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Though there is no doubt that the Ornithorhynchus tooth 
reveals to us a tooth of a period very remote in point of time^ 
it has yet by no means a simple crown, and w'e are still very 
far from knowing anything which can be regarded as a 
primitive parent form whence all mammalian teeth may 
have been derived. 

Still* the discovery is of incalculable value, inasmuch as 
many of the early mammalia are known to us only by teeth,, 
and the form and structure of a monotrematous tooth^givcs 
us something far lower in the evolutionary scale than had 
hitherto been known. 

The Echidna, or scaly Ant-Eater, also an Australian mam- 
mal, has no teeth whatever, so far as is at present known. 


EUTHERIA. 

There is great difficulty in arranging Placental Mammals, 
in any order of sequence, inasmuch as those now existing, 
and those fossil forms known to us form but a small frac- 
tion of all which have once existed. And although no modern 
naturalist can 'well doubt that all existing mammals arc 
lineal descendants of a smaller number of forms previously 
existing, yet they do not admit of being arranged on any one 
stem, and are not at all lineal descendants of one another. 

In “Mammals Living and Extinct,” by Flower and 
Lydekker, they are grouped provisionally, and for want of' 
a better arrangement, thus : — 

Edentata — Sloths, Ant-Eaters, Armadillos, &c. 

Sireriia — Sperm Whales, Porpoises, Whalebone Whales, Scg. 

Cetacea — So-called Herbivorous Cetacea, Manatee, Dugong, Ac. 
Unfjulata (Hoofed Mammals) — 

Artiodactyla — Pigs, Hippopotamus, Camels, Ruminants, Ac. 
PerUeodactyla — Tapirs, Horses, Rhinoceros, Ac. 

Toxodontia^ Amhhjiwtla — Extinct animals from AmericazL 
Eocene formations. 
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llijramUlm — Hyrax. 

Prohoacidm — Elephants, Dinotheriuins, ifcc. 

TUlodontia — An eocene group with affinities to several other 
groups, hr. to Rodents and Camivora, as well as to 
Ungulates. 

Itodrnt'ia — Hares, Rabbits, Rats, &c. 

Carnivora vrra — Cats, Dogs, Bears, &c. 

Carnivora pinnlprdia — Seals, Walrus, &c. 

Ch i rojHcra — Bats . 

Insirrtivora — Hedgehogs, Moles, &c. ka. • 

Primatrs — Man, Monkeys, and Lemurs. 



CHAPTEE XV. 


THE TEETH OF EDENTATA, CETACEA, AND SIRENIA. 

THE TEETH (JF EDENTATA (PrUTa). 

Slot /is f Armadillos^ Ant-eaters. 

^1'he term Edentata was applied to the animals of this 
order to indicate the absence of incisors (teeth in the inter- 
maxillary bone) : though this is true of most of them, a few 
have some upper incisors, the suture between the max- 
illa and the premaxilla passing, in some Armadillos, behind 
the first upper tooth ; but the central incisors are in all 
cases wanting. It is also stated that in Dasypus scxcinctus 
there are some rudimentary teeth in the incisor region 
which never cut the gums, * 

Some of them are quite edentulous ; this is the case in 
th6 Mutica, or South- American Ant-eaters '(Myrmccoph.aga 
and Cyclothurus), in which the excessively elongated jaws 
cannot be separated to any considerable extent, the mouth 
being a small slit at the end of the elongated muzzle. 
Food is taken in by the protrusion of an excessively long, 
whip-like tongue, w hich is covered by the viscid secretion of 
tBo great subinaxillary glands, and is wielded wdth much 
dexterity. The Manis, or Scaly Ant-eater, is also edentulous ; 
and it is said by Max Weber that the reduction has gone so 
far that no dental rudiments could be detected. Hose says 
that the tooth band exists in Manis, and that in the lower jaw 
only has he found the smallest approach to the formation of a 
tooth germ. The Edentata belong to the monophyodont or 
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hoinodont section of Mammalia : but in some certain teeth 
are more largely developed than others, so that there are 
teeth which might bo termed canines : and one Armadillo at 
all events is diphyodont. The teeth are of simple form, and 
do not differ in any material degree in different parts of 
the mouth, except only by their size (to this the caiiiiic-like 
tooth of the two-toed sloth is an exception). They are all of per- 
sistent growth, and therefore no division of parts into crown, 
neck j and root is possible : they consist generally of dentine and 
cement, with sometimes the addition of vaso-dentine, into 
which latter tissue the central axis of the pulp is converted ; 
while in some members of the order other peculiarities of 
structure exist : thus in the Oryctcropus (Capo Ant-eater), 
dentine like that of Myliobates is found ; and in the Mega- 
therium hard dentine, a peculiar vaso-dentine, and vascular 
cementurn co-exist. 

1 am not aware that enamel has been seen upon the teeth 
of any Edentate animal, but I found some years ago that 
the tooth germs of the nine-banded armadillo were provided 
with enamel organs; this, however, proves nothing, for 
(Philos. Trans., 1876) I believe the presence of enamel 
organs to be universal and quite independent of any after 
formation of enamel, libse, however, whilst confirrqing* the 
absence of true enamel, holds that there is a mere glaze of 
structureless material (schmelzoberhautchen). 

The teeth of the niiie-banded armadillo (T. peba) will 
serve to illustrate the character of the dentition of the 
class. They arc seven in number on each side of the jaw, of 
roundish form on section, and those of the upper and lower 
jaws alternate, so that by w^ear they come to terminate in 
wedge-shaped grinding surfaces ; before they are Jit all worn 
they are bilobed, as may be seen in sections of the tooth-germs. 

In the accompanying figure the milk teeth arc represented, 
and beneath them their permanent successors : the divari- 
cated bases of the milk teeth are due to the absorption set 
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up by the approsich of their successors, and not to the 
formation of any definite roots. Successional teeth have 
been detected in this armadillo only (except also in T. 
Kappleri, which is, perhaps, a mere variety). 

Sir W. Flower and Pouchet and Chabry had failed to dis- 
cover any succession of teeth in the sloths, and I have 
myself, through the kindness of the late Piofcssor Gairod, 
examined microscopically the jaws of a foetal Choloopus, in 
which the teeth were but little calcified, and failed to d^ete9t 
any indication of a second set of tooth germs. The pro- 
bability is, therefore, that they are truly Monoidiyodont. 

In the armadillos the teeth are always of simple form .and 
about thirty-two in nuiuber, except in Priodon, which has as 
many as a hundred teeth, a number altogether exceptional 
among mammals. In them the axis of the tooth is occupied 
by a sort of secondary dentine in which the tubes run 
almost longitudinally and are gathered into bundles. 


Fia. 141 (i). 



Sloths have fewer teeth than armadillos, and these softer in 
character, the axis of v.aso-dcntine (which is well pronounced 
and sharply marked off from the i)eripheral dentine) enter- 
ing more largely into their composition, and forming as much 

as half the bulk of the tooth. 

( 

* 5 

The tvvo-toed Sloth has — teeth in each jaw', and these 
are nearly cylindrical in section and of persistent growth. 

(*) Lower jaw of a young Armadillo (Tatusia peba), showing the milk- 
teeth (a) in place, and thejr successors (&) beneath them. From a 
specimen in the Museum of the Iloyal College of Surgeons. 
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In the region of the canine tooth is a to3th which is of 
larger size than the rest. 

The true Ant-eaters are all edentulous. The teeth of 
some of the gigantic extinct Edentates were a little more 
complex in form and structure ; thus the teeth of the 
Olyptodon were divided by longitudinal grooves, which in 
section rendered it trilobed ; and the teeth of the Mega- 
therium were likewise marked by a longitudinal furrow. 

In their persistent groA\i;h, uniformity of shape, and 
absence from the inter-maxillary bone, they strictly con- 
formed with the teeth of recent Edentata. 

The Orycteropus, or Cape Ant-eater (Aard-vark), the 
peculiarities of whose teeth have already been alluded to, 
has about thirty-six teeth in all ; but these are not all in 
place at one time, the smaller anterior teeth being shed 
before the back teeth are in place. I'ouchct and Chabry 
found a rudimentary tooth in the incisor region. 

The affinities of the Aard-vark are very uncertain ; it is 
grouped with the Edcntatfi, but it is a very aberrant form, 
not only differing strongly in the structure of its teeth, 
which resembles that of Myliobates, but in other zoological 
characters as well. Old field Thomas has discovered that it also 
displays a succession in its teeth (Proc. Royal Soc., 1899). 

The milk teeth are rudimentary and probably quite 
functioiiless, but they become calcified, though it is doubtful 
if they ever cut the gum. Unlike the permanent teeth, 
they are not of the i)crsistent growth type, but one at least, 
the most posterior, has two distinct roots. There are none 
in the premaxilla, but seven have been found in jthe 
maxilla, and four in the mandible on each side. 

In structure they present an approximation to that of 
the functional teeth, and the last is molariform, the others 
being simple cones. So that Orycteropus is diphyodont and 
hetcrodont. 

It may be supposed that the Edentata, so far as teeth are 
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concerned, are degenerated forms ; the shape of the tooth 
germs and unworn teeth suggests that thej'^ branched off 
from an early triconodont stage with numerous molars, 
diphyodont and heterodont, and furnished with enamel. 
They have suppressed tho milk Jieterodont dentition, so that 
they arc more or less completely monopliyodont, and have 
established a homodont second scries. 


THE TEETH OF CETACJCA. 

This order is divided into two groups, namely, the toothed 
whales or Odontoceti, and the wlialebone whales or Mysta- 
coccti ; these two groups are sharply defined from one 
another. 

No Cetacean is known to develop more than one set of 
functional teeth, and these, when present in any considerable 
numbers, closely resemble one another in form. 

The teeth, however, of the extinct Zeuglodon and Squalodon, 
which have about 361 teeth, arc heterodont in character. 

Kiikenthal has shown that at all events in Beluga, 
Tarsiops and Globiocephalus, rudiments of successional teeth 
are«to be found to the inner sides of the functional teeth, 
which Matter are thus shown to be persistent milk teetln 
It appears that they have descended from an ancient hetero- 
dont, diphyodont stock, and that they have suppressed the 
second dentition, establishing a homodont milk dentition 
which is persistent. 

The teeth of Cetacea are usually composed of hard dentine, 
with an investment of cement ; after the attainment of the 
full dimensions of the teeth what remains of the pulp is very 
commonly converted into secondary dentine; tips, and even 
entire investments of enamel, are met with in many of the 
order. 

The dentine of many' Cetaceans, e,g, of the sperm whale, 



THE TEETH OF CETACEA. 


345 


is remarkable for the very mimerous iiiterglobular spaces 
which it contains ; these are clustered in concentric rows, 
so as to give rise to the appearance of contour lines. The 
cement is often of great thickness, and the lacuntc in it arc 
very abundant ; its lamination is also very distinct. 

In the dolphin the teeth are very numerous, there being 
about 200 : they are slender, conical, sligfitly curved inwards. 


Fig. 142 ('). 



and sharply pointed ; as they interdigitatc with one another 
tlierc is very little wear upon the points, which consequently 
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remain quite sharp. The largest teeth are those situated 
about the middle of the dental series. 

Many variations in the number and form of the teeth arc 
met with ; the porpoise has not more than half the number 
of teeth possessed by the dolphin, while the grampus has 
still fewer. The teeth of the grampus become worn down 
on their opposed surfaces, and coincidently w'ith their wear- 
ing away the pulps become calcified. In the Oxford Museum 

(') Jaws of a common Dolphin. * 

(2) Teeth of upper jaw of a Grampus (Orca), (after Professor Flower). 
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there is a grampus in which, owing to a distortion of the 
lower jaw, the teeth, instead of interdigitating, became 
exactly opposed to one another ; the consequence of this was 
that the rate of wear was greatly increased, and the pulp 
cavities were opened before the obliteration of the pulp by 
calcification had taken place (*), so that the pulps died and 
abscesses around the teeth had resulted. 

IiV the sperm whale the teeth are numerous in the lower 
jaw, but in the upper jaw there are only a few curved, 
stunted teeth, which remain buried in the dense gum. The 
teeth of the lower jaw arc retained in shallow' and wddc de- 
pressions of the bone by a dense ligamentous gum, w'hich, 
when stri])j)cd awa}^ carries the teeth with it. Kvery inter- 
mediate stage between this slight implantation and the wcll- 
<levelopcd stout sockets of the grampus, is met wuth in the 
Cetacea. 

In the bottle-nosed whale (Hyperoodon bidens) the only 
large teeth present arc two conical, enamel-tipped teeth (some- 
times four) which remain more or less completely embedded 
within the gum, near to the front of the low’er jaw ; in addition 
to these there are 12 or 13 very small rudimentary teeth 
loose in the gums of both jaws. (Eschricht, Lac^pede.) 

The Ziphoid cetaceans present one of the most curious and 
inexpTicable dentitions to be found in any animal. The 
upper jaw’s are edentulous, as in the Hyperoodon, and the 
lower jaws contain only a single tooth upon each side ; but 
these tectli have attained to great proportions, measuring in 
full-grown specimens as much as ten inches in length ; they 
are thin, flat, and strap-shaped, straight for some considera- 
ble part of thefir length, and then curving over towards each 
other; they even cross each other above the upper jaw so 
that they actually limit, and that to a very small amount, 
the extent to which the jaws can be opened. 

(^) Trans. Oilonto. Society, ^ 1873. When I published this paper I was 
not aware that Eschricht had jjrevLously published a similar observation. 
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It is not merely difficult to see what use these teeth can 
l)e, but it is hard to suppose that they can be otherwise than 
actually detrimental tu their possessors in the pursuit of 
food ; but there is some reason to suppose that the presence 
of well-developed tusks is a character of the male sex, 
though upon this point the evidence is not quite complete. 
Females have been found with their skins curiously scored 
in two parallel lines, especially near the pudenda, suggesting 
the idea that they are liable to be attacked by the males. 

The* structure of these teeth is not less peculiar than their 
general form ; the summit of the tooth, which starts off 
nearly at right angles to the shaft (and so, the shaft being 
curved over the top of the upper jaw, comes to stand nearly 
vertically) consists (jf a denticle bluntly pointed, and made 
up of dentine coated with enamel. This denticle of triangu- 
Jar shape is only about a third of an inch in length, and in 
the adult sijccimen described by Professor Sir Win. Turner 
had the enamel coat partially worn off*. 

In the Challenger Reports (Zoology, vol. i.) ho says, “ hi 
the earlier stage their structure does not differ materially 
from the ordinary type of tooth one meets with, say in the 
human or carnivorous jaw, the crown being formed by enamel, 
the fang by cement, whilst the great body of the tooth con- 
sists of dentine, in which is a marked jiulp cavity* com- 
municating with the exterior by a slit-like aperture at the 
root of the fang. The exceptional character these teeth 
exhibit in the erupted condition is due to the disappearance 
of the enamel from the crown, to the cessation in the de- 
velopment of the ordinary dentine, to the excessive formation 
of osteodentine, of modified vasodentinc, and* of cement, by 
means of which the pulp cavity becomes almost obliterated, 
and the fang assumes dimensions which, in the case of 
Mesoplodon Layardii, lead to the production of a tooth having 
the very remarkable form and relation to the beak which I 
have described.” 
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As may be gathered from the above, the development of 
the tooth starts by the formation of the denticle, which is of 
an ordinary structure ; the enamel, however, soon ceases to 
be formed, and but very little further down, so does the true 
dentine ; not, however, before ceiiientum has begun to be 
formed upon its exterior (see c in fig. on next page). Then 
there comes an abrupt change in direction, and in the place 
(»f {rue dentine we find a coarser textured tissue which 
contains large vascular canals. 

This Professor SirW. Turner and Professor Lankester regard 
as a vasodentinc, seeing that it is in all probability a product 
of the dentine pulp. Of this the great mass of the tooth 
consists, but it has throughout its length an investment of 
couientum of an ordinary type, which forms a complete 
exterior layer, laminated, full of lacunse, and for the most 
part devoid of Haversian canals. 

Immediately beneath this layer there is, if the distinction 
be not exaggerated in the drawing, a 'definite stratum of 
tissue of material thickness which is characterised by an 
abundance of vascular canals an’anged perpendicularly to 
the surface in fig. 144), which is regarded by Professor 
Turner as belonging to the dentine group of tissue, Le, as 
lidiig a vasodentine. But there is a difficulty in accepting 
this view, viz., that near to the denticle it is seen to lie dis- 
tinctly outside the true fine-tubed dentine (see fig. 144) 
which it overlaps to a considerable extent ; now if this tissue 
was formed by the dentine pulp we should have the anomaly 
of a pulp first forming a very vascular vasodentine, then 
changing to forming a fine tubed normal dentine (which is 
exactly the reverse of what is met with in otlier creatures in 
which the pulp forms these two structures), and finally re- 
verting to the building up of a vasodentine. 

Judging by analogy this seems so improbable that in the 
absence of more positive knowledge and simply judging from 
the figure, I should be inclined to refer this layer to the 
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cemeiitum. Lower down in the shaft of the tooth anastomoses 
take place between the tubes of this layer and those of the 
unquestionable pulp products, but anastomoses between 
dentine tubes and enamel tubes, and between dentine tubes 
and cement lacunte are of common occurrence in many 
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animals, so that this communication does not prove any- 
thing as to their respective origin. 

However, Professor Lankester lays stress upon the globojar 
botryoidal structure of this layer, which he states shades oft' 
into the fine tubed dentine, so that it may perhai)s be 
regarded as an excessive development of the globular layer 
of dentine, rather tlian as a vasodeiitinc. In reconciliation 
of the discrepancy between the two descriptions, it is 
suggested by Professor Turner that the vascular canals seen 
by him in this layer may have become obliterated in tlie 
presumably much older specimen described by l^rofessor 
Lankester. 

(') Upper part of tooth of Mesoplodon, after Professor Sir W. Turner. 
a. Tissue of doubtful origin, permeated by v£^cular canals, c, Cementum. 
d. Dentine, e. Enamel, v, Vasodentine. 
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The central pulp cavity becomes reduced to the merest 
traces, so that the completed tooth is almost solid. 

In the Narwal (Moiiodon monoccros) two teeth alone per- 
sist, and these are in the upper jaw. In the female the 
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dental germs {Dccome calcified, and attain to a length of 
about eight inches, but they remain enclosed within the 
substance of the bone, and their pulp cavities speedily fill up. 

(') Cranium of Narwal (Monodon monoccros). a. Stunted tooth, with 
its basal pulp-cavity obliterated. 6. Long tusk. The small figure, 
giving the whole length of th'e tusk, shows the proportion which it bears 
to the rest of the skull. 
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111 the male, one tusk (in some very rare instances both) 
continues to grow from a persistent i>ulp till it attains to a 
length of ten or twelve feet, and a diameter of three or four 
inches at its base. This tusk (the left) is (piito straight, 
but is marked by spiral grooves, winding from right to loft. 
It is curious that in one of the specimens, in which the two 
tusks had attained to equal and considerable length, the 
spirals on the two wound in the same direction ; that is to 
say, as regards the sides of the head, the spirals were not 
symmetrical with one another. 

The tusk of the male narwal may fairly be assumed tfj^ 
serve as a sexual weapon, but little is known of the habits 
of the animal. 

Professor Sir Wm. Turner has lately noted the occurrence 
of two stunted incisor rudiments in a foetal narwal : these 
obviously represent a second pair of incisors, and attain to a 
length of half an inch, but are irregular in form ; they are 
situated a little behind the pair of teeth wdiich attain to 
more considerable dimensions. All trace of this second pair 
of incisors is lost in adult skulls. 

The whalebone whales are, in the adult condition, destitute 
of teeth, but prior to birth the margins of both upper and 
lower jaws are covered with a series of nearly globulav^ru&i- 
mentary teeth, which become calcified, but are speedily shed, 
or, rather, absorbed. 

The foetal teeth of the llahcnoptera rostrata have been 
carefully described by M. Julin {Archives de Biofofjie, 1880), 
the Balcmopteindce having been previously supposed to be 
without rudimentary teeth. The ramus contained 41 tooih 
germs, each furnished with an enamel organ and dentine 
bulb, with a slight capsule; these were lodged in a con- 
tinuous groove in the bone above the vessels, thus recalling 
the condition of the parts in a human embryo at a certain 
stage. A very small amount of calcification takes place, a 
mere film of dentine being formed upon the dentine bulb. 
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But 'what is very remarkable is that the dentine bulbs arc 
simple near the front, bifid Jn the middle and trifid at tlio 
back of the mouth ; in other words, these tooth-germs would 
go to form heterodont teeth, not unlike those of some seals, 
or of Squalodon. Hence it has been suggested that the 
whale may be descended from some such ancestral form. 

Kiikenthal states that as these trifid teeth become 
absorbed they may separate into three. Moreover, he states 
that there are traces of successional rudiments. 

f 

From the upper jaw of an adult whalebone whale there 
hang down a series of plates of baleen, placed transversely to 
the axis of the mouth, but not exactly at right angles to it. 
The principal plates do not extend across the whole w idth of 
the palate, but its median portion is occupied b}^ subsidiary 
smaller plates. The whalebone plates are frayed out at tl\oir 
edges and colleetively fonn a concave roof to the mouth, 
against which the large tongue fits, so as to sweep from the 
fringes whatever they may have entangled. The whale in 
feeding takes in enormous mouthfuls of water containing 
small marine mollusca \ this is strained through the baleen 
plates, which retain the Pteropods and other small creatures, 
w’hile the water is expelled. Then the tongue sweeps the 
entangled food from the fringe of the baleen plates, and it 
is swallowed. Each plate consists of two dense but rather 
brittle lamime, which enclose between them a tissue 
composed of bodies analogous to coarse hairs. By the pro- 
cess of wear the brittle containing lamina) break away, 
leaving projecting from the edge the more elastic central 
tissue in the form of stiff hairs. 

Each plate is developed from a vascular persistent pulp, 
which sends out an immense number of exceedingly long 
thread-like processes, which penetrate far into the hard 
substance of the plate. Each hair-like fibre has within its 
base a vascular filament or papillm : in fact, each fibre is 
nothing more than an accumulation of epidermic cells, con- 
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centrically arranged around a vascular papilla, the latter 
being enormously elongated. The baleen plate is composed 
mainly of these fibres, which constitute the hairs of its frayed- 
out edge, but in addition to this there are layers of flat cells 
binding the whole together, and constituting the outer or 
lamellar portion. As has been pointed out by Prof, Sir Wm. 
Turner (Proc. Hoy. Soc. Edinburgh, 1870), the whalebone 
matrix having been produced by the cornification of the 
epithelial coverings of its various groups of papillaj, is an 
epithelial or epiblastic structure, and morphologically corre- 
sponds not with the dentine, but with the enamel of a tooth. 

The whole whalebone plate and the vascular ridges and 
papillfiD which form it may be compared to the strong ridges 
upon the palates of certain Herbivora, an analogy which is 
strengthened by the study of the mouth of young whales 
prior to the cornification of the whalebone. 

Thus, like the Edentata, the Cetacea have become homodont 
and practically monophyodont by a retrograde process, and 
the superficial resemblance of their simple conical teeth to 
those of a reptile is misleading. 


rHJB TEETH OF SIKENIA. 

More nearly connected with the IJngulata than with any 
other order, but still rather widely removed from them, 
stands the limited order of Sirenia, aquatic mammals 
formerly termed Herbivorous Cetacea, a tenn rather objec- 
tionable, as they are not very nearly allied to the trye 
Cetacea. 

The order is now represented by two genera only, the 
Dugongs (Halicore) and the Manatees (Manatus), but a 
third genus (Rhytina) has only become extinct within about 
a century. Their teeth, and other points in their organiza- 
tion, indicate that they are more nearly allied to the Ungu- 

A A 
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lata than to any other group, though their peculiarities are 
such as to elevate them to the rank of a distinct order. They 
are of large size, and frequent shallow water, such as the 
mouths of great rivers, their food consisting of sea-weed and 
aquatic plants. Their incisors and molars, when both are 
present, are widely separated, and the former vary from 
bein^ quite rudimentary to forming formidable tusks. 

The dentition of the Dugong is in several respects a very 
interesting one : the front part of the upper jaw, consisting 
in the main of the intermaxillary bones, bends abruptly 
downwards, forming an angle with the rest of the jaw. 
This deflected end of the jaw carries two tusks, of each of 
which the greater part is buried within the alveolus. The 
tusk has an investment of enamel over its front and sides, 
but on the posterior surface of cementum only, so that in 
the disposition of the three structures it recalls the charac- 
teristics of a Rodent incisor, like which it is w^orn away 
obliquely so as • to keep a constantly sharp edge, and like 
which it grow's from a persistent pulp. 

In the female, the tusks (incisors) do not project from the 
gum, j^heir pulp cavities are closed, and the investment of 
enamel is complete over the top of the tooth. 

The sloping surface of the iqiper jaw is opposed by the 
region of the symphysis of the lower jaw, w^hich is of un- 
usual depth. In this deflected part of the lower jaw there 
are eight, or ten (four or five on each side) shallow and 
rather irregularly-shaped sockets, in which curved distorted 
teeth may be found in a fresh specimen, but it must not 
be«from too aged an animal, as they eventually become eaten 
away by a process of absorption. 

These abortive teeth are excellent examples of rudi- 
mentary teeth, as not only are they stunted, and even 
ultimately removed by absorption, but they are actually 
covered in by a dense horny plate which clothes this part 
of the jaw^, and so are absolutely functionless. 
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These horny plates, in their structure analogous to whale- 
bone, are possessed also by the Manatee and Rhytina ; on 
the free surface they are beset with stiff bristles, and arc 
throughout built up of hair-like bodies welded together by 
epithelium. 

Behind the region covered in by the horny plates, the 
Dugong has five molar teeth on each side, of simple form. 


Fw. 146 (0. 



like those of tlie Edentata, and consisting of dentine and 
ccmentum only. 

By the time the last molar is ready to come into place, 
the first of the scries is being removed by absorption of \ts 
root and of its socket. In aged specimens ojily two moljtrs 
remain on each side of the jaws. Before they are worn they 

(') Side view of cranium and lower jaw of a Dugong (Halicore Indicus). 
From a specimen in the Museum of the Iloyal College of Surgeons. The 
surface of the deflected portion of the lower jaw, with its sockets for 
rudimentary teeth, shown both in front and in profile view, is indicated by 
the letter a ; the corresponding surface of the upper jaw by the letter 6. 

A A 2 
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have tiiberculated crowns and they arc of semi-persistent 
growth. 

The Dugong is also peculiar as having a single deciduous 
tooth, namely, a predecessor to the incisive tusks; but it 
has been doubted whether it be not rather a rudimentary 
incisor than a milk tooth. 

The molar teeth of the Manatee are much more nume- 
rous and more complex in form, and they approach to the 
configuration of the teeth of the Tapir very closely. 

The Manatee has as many as forty-four molars, which 
are not, however, all in i)lacc at one time, the anterior ones 
being shed before the posterior are come into place ; no 
vertical succession is known to take place amongst them. 

2 

The Manatee has i -, but they are rudimentary, and are 

buried under the horny jdates which occu])y the front of 
the mouth. Gervais (Hist. Nat. dcs Marnmiferes, vol. ii.) 
gives a larger number of rudimentary teeth, as many as 
twelve. 

It has been mentioned that the teeth of the Manatee are 
tapiroid in external form ; they also possess peculiarities in 
minute structure, which arc unusual in mammalian teeth. In 
examinjiig some teeth, I found that the dentine, to all intents 
and purposes of the hardunvascular variety, was permeated by 
a system of larger, or “vascular” canals, which Avcrc arranged 
with much regularity, and are most abundant near to the 
periphery of the dentine, where they communicated with 
one another. The dentinal tubes did not radiate from these 
vaocular canals ; they, so to speak, take no notice of them, so 
that there is an ordinary unvascular dentine with a system 
of capillary-conveying channels inside it. But these capillary 
channels are no longer pervious, having become obliterated 
and presenting the appearance of greatly elongated inter- 
globular spaces (see fig. 35). 

The enamel of the Manatee is also somewhat remarkable 
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for the absolute straightness of its enamel prisms in many 
parts of the tooth. 

The molar teeth of the Dii^oiig consist of a central axis 
of vaso (lentinoj a much larger mass of ordinary uii vascular 
dentine, and a thick layer of ccmentiim, but they do not 
share the peculiarities of the Manatee^s tooth. 

The Manatee has a curious manner of feeding ; the halves 
of the upper li]j, deeply cleft in the middle, are besoh with 
short stiff bristles, and are used to tuck things into the 
moiu*h ; when these fixil the flappers are raised and used to 
assist. 

The extinct lihytiiia, a little more than a century ago 
abundant in Behring’s Straits, was altogether without teeth, 
but was furnished with dense, strongly-ridged, horny plates. 
Sirenia xvere abundant in Miocene and Pliocene seas ; the 
Halitherium had molars somexvhat like the Manatee, but 
had tusk-like incisors in the upper jaw. No vertical suc- 
cession is known to take place in any Sirenian, though the 
anterior molars of Halitherium were deciduous. 



CHAPTER XVI. 


MESOZOIC MAMMALS — UNGULATA. 

Before proceeding to the description of the teeth of the 
other mamiiijilian orders, it seems desirable to follow the 
example of Flower and Lydekker’s work, and mention the 
inesozoic mammals, which are of so generalised and peculiar 
a type that their zoological position is difficult to 
determine. 

The earliest are known only by isolated jaws or oven by 
a few detached teeth, but those occurring a little later are 
better known, mainly owing to the magnificent finds which 
have rewarded the American naturalists. 

They may be provisionally divided into two groups, one 
of w'hich resembles in some points the existing polyproto- 
dont marsupials, the other, ‘the Multituberculata, re- 
sembling the modern diprotodont marsupials or kangaroos. 
They are termed Allotheria by some writers, and comprise 
Plagiaulax and allied forms, though it must not be inferred 
that they were necessarily marsupials ; indeed, some writers 
consider them to have possibly been Monotremes. 

JProf. Marsh has described several Mesozoic forms like 
Pldgiaulax, but .upper and low'er jaws not having been found 
together in dtu it is somewhat problematical which upper 
belongs to which lower jaw. 

The lower jaw of Ctenacodon, found in strata of Jurassic 
age, has a single long pointed incisor, four compressed 
cutting premolars, and two minute tubercular molars behind 
them. 
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They are so strongly differentiated that they cannot be 
regarded as ancestral types, and the manner of succession 
reminds us of that seen in Marsupials ; the compressed cutting 
premolars resembling somewhat those of Hypsiprymnus. 
A great controversy once raged as to the probable diet of 
these forms. 

Professor Owen, basing his arguments largely upon the 
presence of premolars which possessed elongated and sharp- 


Fio. 147 (*). 



edged blades, held that Plagiaulax was carnivorous, saying 
that it possessed an effective dental machinery for predatory 
life ; Dr. Falconer and Sir W. Flower having shown ^this 
view to be untenable, or at least unsupported by adlequatc 
evidence. 

Prof. Marsh remarks that all the mammals older than 
Tertiary times may have been Insectivorous, but that Plagi- 
aulax shows an adaptation to some special food, whether 
animal or vegetable is as yet unknown. , 

The true molars do not, however, resemble those of exist- 
ing marsupials ; on the other hand, the angle of the lower 
jaw is inflected as in them. 

The other prevalent. type of mesozoic mammals resembles 
the polyprotodont marsupials ; there are three or more lower 

(') Lower jaw of Gtenacodon (after Marsh). 
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incisors, the canines are pronounced, and the cheeks are 
cuspidate, reaching in sonic cases the number of twelve. 

The cusp pattern of the molars varies betw'een a simple 
cone, a cone with additional subsidiary cones at the front 
and the back, a triconodont type, and the full tritubercular 
type. 

Associated with the tritubercular teeth is also always a 
pcntlidactyle foot. There is a difficult}' in determining 
which are to be called premolars and which molars, but the 


Fig. 148 (>). 



resemblance of certain Insectivorous teeth, #».//., those of 
C'hrysochloris, to the primitive tritubercular tooth, as well as 
certain other cliaractcra, make some naturalists insist upon 
the affinity of these mammals with the Insectivora. Their 
characters are generalised, and the typical mammalian 
forpiula is of frequent occurrence. 


THE TEETH OF UNGULATA. 

This is a group of animals of which a vast number of forms 
ar^» extinct, and are only imperfectly known to us. 

Idecent discoveries, especially those of Professor Marsh in 
the Mauvaises Torres of Wyoming, have brought to light a 
very largo number of strange and highly interesting forms, 
which have broken down the old classification of Ungulates 

(') Lower jaw of Amphilesten, from the Stonesfield slate, x 2 (after 
Owen). 
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into the Artiodactylc and Perissodactyle Ungulates, and 
have brought within it, by means of links, to a certain 
extent, Hyracoidea and Proboscidea. 

Nowadays, provisionally, they may bo grouped into 
Ungulata Vera and Subuiigulata. 

The Ungulata Vera comprise — 

(i.) Artiodactyles, or ) Hippopotamus, Pigs, Anoplothejrium, 
even-toed Ungulata { Cows, Sheep, Deer, and other Ruminants, 
(ii.) Perissodactyles, or j 

Ungulata with an [ Horses, Tapirs,Rhinoccros,Palscotherium. 
odd number of toes ) 

The distinction between the two groups is strongly marked, if 
living animals alone be considered ; but, as Professor Huxley has 
pointed out, increasing knowledge of fossil forms has broken down 
the line of demarcation. 

Then we have an ill-defined group of — 

Ungulata Polydactyla or ) Hyracoidea, Proboscidea, Amblypoda, 
Subungulata, comprising ) Toxoilontia, Tillodontia. tiicc. 

The Amblypoda comprise a number of extinct animals of huge 
size, as big as elephants. Prof. Cope includes in it Prof. Marsh’s 
order Dinocerata, and to it may perhaps be referred several forms 
whore affinities are very puzzling, such as Toxodon. 

But fortunately it is not necessary in an elementary work on 
Odontology to <io more than present the descriptions of the several 
creatures somewhere near their right places, and so the increasing 
difficulties of the classification of the Ungulata need not be 
discussed. , 

Of Eocene Ungulata it may be said that almost all pos- 
sessed the full mammalian dentition, i.e. 

1 4 3 

1 y c T ^ 

and a few had more. 

Moreover, as we look at the patterns of the molar teeth, 
we find them far more simple, trituberciilate or quadri- 
tuberculate crowns being the rule. Many of them have five 
toes, and were otherwise less specialised than modern forms. 
Ungulates mostly have a well-developed milk dentition. 
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which in the case of modern domesticated animals remain 
in use for a long time. 

The modern Ungulata are all fitted for a vegetable diet, 
though possibly a few forms may occasionally prey upon 
much weaker animals. Indeed, among the extinct Ungu* 
lata there are some which tend to bridge the gap between 
existing Ungulata and Carnivora, wide though it now is. 

In the earlier forms the molars were short and distinctly 
rooted (brachydoiit). Those with much longer crowns^ such 
as the hare, are termed hypsodont. When the surfaces of 
the molars present blunt cones, they are termed Bunodont, 
and when they are lengthened out antcro-posteriorly and 
curved, they are called Selenodont, e.g. the sheep. 


THE TEETH OF ARTIODAUTYLB tJNGULATA. 

Artiodactyle, or even-toed Ungulata, comprise pigs, hippo- 
potami, camels, sheep, oxen, &c., amongst living animals. 

1'hey arc grouped into 

(i.) Bunodoiits, or Suina, comprising Pigs and Hippo- 
potami. 

(i^) Selenodonts, comprising Anoplothoridm and the 
Kuminants. 

(a.) The Tylopoda or Camels. 

(j).) The Tragulidm. Small deer of S. Asia. 
Chevrotaiiis, vrhich are somewhat inter- 
mediate between the Suidm and the deer, 
c (c.^ Pecora, or sheep, oxen, and deer. 

The primitive Artiodactyla all had forty-four teeth of 
brachyodont type : in later geological times they became 
long-toothed (hypsodont) like recent sheep and oxen. 

Anoplotheridse are an extinct (Eocene and Miocene) 
family, of somewhat specialised character, and apparently 
not on the direct line of descent of any modern forms. 
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Anoplotherium is a genus of interest to the odontologist, 
because it possessed the full typical mammalian dentition, 
as far as the number of the teeth went ; the teeth were of 
nearly uniform height, none strongly differentiated from 
those nearest to them ; and they were set in close contiguity 
with one another, so that there w^as no “ diastema.” 

The lower molar teeth of the Anoplotherium are built up 
on the same type as those of the lihinoceros, and present 
the same double crescent ; the upper molars are also refer- 


Fig. 149 (*). 



able to the same fundamental forms, though the difference 
is greater. The lamina) (transverse ridges) oblique in the 
Rhinoceros, are in Anoplotherium still more oblique, so that 
they become more nearly parallel with the outer wwll, and 
an accessory pillar is developed at the inside of the anterior 
laminsD. 

Not very widely removed from Anoplotherium is Oreodon 
(Ootylops), an Ungulate of eocene age. 

Like a good many tertiary Ungulates (both artiodactyje 
and perissodactyle) it had the full typical number of teefh, 
forty-four ; but its interest to the odontologist is enhanced 
by the co-existence of strongly-marked canines with molars 
very much like those of ruminants, a group almost always 
devoid of canines. 

(^) Side view of the dentition of Anoplotherium (after Owen) 




tootli which is like a canine is not the tooth corresponding 
to the upper canine, but to the small upper first premolar. 

This is a foir illustration of the fact that although in 
liiiture it is generally the same tooth which is modified t(» 
perform the function of a canine, it is not invariably the 
same j for here in the same animal are two different teeth 
in the upper and lower jaws thus respectively modified. 

•And as they are different teeth, it happens that the upper 
(canine) closes in front of the lower. 

There is reason to believe that there was some difference 
ill the size of canines between the male and female Oreodon. 

In Artiodactyle Ungulata the premolars differ markedly 
both in size and pattern from the true molars. 

*, Of those Artiodactyle Ungulates wliich are not ruminants 
the common pig may be taken as an example. 


3 1 .3 3 

The dental formula is i c -j- ni or perhaps 


4 3 


P 4 3 * 


(') Upper and lower teeth of Oreodon Culbertsonii (after Leidy, Smith- 
sonian Contributions, 1852). 
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The position of the upper incisors is peculiar, the two 
central upper incisors, separated at their bases, being inclined 
towards one another so that their apices are in contact ; the 
third pair are widely separated from the inner two pairs of 
incisors. The lower incisora are straight, and are implanted 
in an almost horizontal position : in both upper and lower 
jaws the third or outermost incisors are much smaller than 
the others. 

The lower incisors arc peculiar in having upon their upper 
surfaces a strongly ])ronounccd sharp longitudinal ridge of 
enamel, which gets obliterated by wear. 

An interval separates the incisors from the canines, which 
latter are very much larger in the male than in the female, 
and in the wild boar than in the domesticated animal. 
(,'astration arrests the further development of the tusks ; 
the jjeculiarities as to size and direction which characterise 
the tusks of the adult animal are not represented in the 
canines of the milk dentition, about which there is not much 

that is noteworthy, save that the young pig has dec. m j, 

of which the first remains in place till the permanent denti- 
tion is nearly complete, and then falls out without having 
any successor. Of this tooth Lcsbre (C. Rend. d. Soc.«d. 
Biologie, 1893) says that it is cut about the fifth month, 
after the milk molar, but before the replacing teeth. The 
premolars of the Pig are cut in order from behind forwqirds, 
pm 4 being erupted first. As there is no vertical succession 
in the case of this tooth, he regards it as a milk tooth whicli 
was delayed and dwarfed by the development of the greAt 
canine close to and below it. As a proof, he says that he 
has discovered in one case a successional tooth beneath it. 

The dental formula of persistent cr more or less persistent 
teeth would then read 

3 1 dm 1 3 3 

‘ rdm 1 -3 
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Before the publication of his paper, it has been more usual 
to regard this tooth as a permanent tooth Avhich has had no 
predecessor. 

A similar condition as to early loss of the tooth immediately 
behind the canine obtains in the Dog and in the Hippopota- 

4 

mus, their dental formula) being generally written p - 

Tte form and direction of the canines are alike peculiar ; 
the upper canine, which in its curvature describes more 
than a semicircle, leaves its socket in a nearly horizontal 
direction, with an inclination forwards and outwards. After 
rounding past the upper lip its terminal point its directed 
upwards and inwards, The enamel upon the lower surface 
of the tusk is deeply ribbed : it does not uniformly cover the 
tooth, but is disposed in three bands. The lower canines 
are more slender, of much greater length, and by wear 
become more sharply pointed than the upper ones : they 
pass in front of the latter, and the worn faces of the two 
correspond. 

The lower canine is in section triangular, one edge being 
directed forwards, and its sides being nearly fiat. Enamel 
is confined to the internal and external anterior surfaces ; 
thd posterior surface, which plays against the upper canine, 
is devoid of enamel, and the tooth is kept constantly pointed 
by the obliquity with which its posterior surface is worn 
away. The tusks of a boar are most formidable weapons, and 
are capable of disembowelling a dog at a single stroke, but 
they are greatly exceeded by those of the African Wart-hog 
(I^hacochojrus), which attain to an immense size. 

In the domestic races the tusks of the boars are much 
smaller than in the wild animal, and it is a curious fact 
that, in domestic races which have again become wild the 
tusks of the boars increase in size, at the same time that 
the bristles become more strongly pronounced. Mr. Darwin 
suggests that the renewed growth of the teeth may perhaps 
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be accounted for on the principle of correlation of growth, 
external agencies acting upon the skin, and so indirectly 
influencing the teeth. 

As in most Artiodactyles, the teeth of the molar series 
increase in size from before backwards : thus the first pre- 
molar (? milk molar) has a simple wedge shaped crown, and 
two roots ; the second and third by transitional characters 
lead to the fourth premolar, which has a broad crown with 
two principal cusps, and has four roots. 

The first true molar has four cusps divided from one another 
by a crucial depression ; and the cinguluiii in front, and yet 


Fi«. 151 (h. 


Size 





more markedly at the back, is elevated into a posterior trans- 
verse ridge. In the second molar the transverse ridge is more 
strongly developed, and the four ciisi)s arc themselves some- 
what divided up into smaller accessory tubercles. 

The last molar measures, from front to back, nearly twice 
:is much as the second ; and this great increase in size is 
referable to a great development of the part corresponding 
to the posterior ridge or cingulum of the second molar, 
which has become transformed into a great many subsidiary 
tubercles. 


(M Upper and lower teeth of Wild Boar (Sus scrofa). In this specimen 
the tusks are not so largely developed as they sometimes may be seen 
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That such is a correct interpretation of its nature is indi- 
cated by our being able to trace the four principal cusps, 
though modified and not divided off, in the front part of tlie 
tooth, of which, however, they do not constitute more than 
a small part. Those Ungulates in which the surfaces of the 
molar teeth are covered by rounded or conical cusps, arc 
termed “ bunodonts,” in contradistinction to those whicli 



present crescentic ridges on the masticating surface of their 
molars, and which go })y the name of “ scleiiodonts.” 

In the Wart-hog (Phacochoorus), the genus with very large 
canines, the disproportion between the last true molar and 
the other teeth is yet more striking. 

In antero-posterior extent the third molar equals the first 
and second true molars and the third and fourth premolars 

(>) Upper and lower teeth of Phacochoorus. In the upper jaw, the last 
two premolars, and the much-worn first true molar remain. ’ In the lower 
all have been shed off, save the last two true molars. From a specimen 
in the Museum of the Royal College of Surgeons. 
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(the whole number of teeth of the molar series possessed by 
the animal) together. 

When a little worn its surface presents about thirty islands 
of dentine, surrounded by rings of enamel, the interspaces 
and the exterior of the whole being occupied by cementum. 
Of course, prior to the commencement of wear, each of these 
islands was an enamel-coated cusp. 


Fig. 153 (>). 



The Wart-hog^s dentition has, however, another instructive 
peculiarity ; the first true molar is in place early, and be- 
comes much worn down (this is true, in a less degree, of the 
common pig, and indeed of most Ungulata). Eventually it 
is actually shed ; the same fate later befalls the third pre- 
molar and second true molar, so that the dentition in a,ii 
aged specimen is reduced to the fourth prcmolar and the 
third true molar alone, and eventually to the last true 
molars alone. Thus, both in the great complexity of the 
back molars and the fact that the anterior teeth are worn 

(^) Skull of Sus babirussa (male). The upper incisors have been lost 
from the specimen figured ; they are much like those of a pig. 
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out and then discarded, the Wait-hog affords a parallel to 
the anomalous dentition of the elephant. 

Phacochoerus presents the peculiarity that the tusks are 
large in both sexes. 

As has already been noticed, the upper canines in the 
boar turn out^vards and finally upwards, so as to pass outside 
the upper lip ; this peculiarity in direetion, yet more marked 
in Phacochoerus, attains its maximum in the Sus babirussa. 

This creature, strictly confined to the Malay Archipelago, 
where it frequents w’oody places, has (in the male) the upper 
and lower canines developed to an enormous extent. The 
upper canines are turned upwards so abruptly that they 
pierce the upper lip, instead of passing outside it as in other 
Suid{c, preserve a nearly uiDright direction for some little 
distance, and then curve backwarks, so that their j)oints are 
directed almost towards the eyes. 

The lower canines are less aberrant in direction and in 
shape, being somewhat triangular in section, but they also are 
of very great length, and pass upwards, far above the level 
of the snout 3 their points are also directed backwards, but 
have in addition an outward inclination. The canines are 
devoid of enamel, and grow from persistent pulps, a fact 
which sometimes has a disastrous result, for the tip of the 
tooth', occasionally taking a wrong direction, re-enters the 
head or the jaws of the animal. 

The natives of Fiji make use of this persistent growth of 
the tusks of the Pig to i)rocure as ornaments tusks which 
have grown into a ring : this is effected by extracting the 
ofjposing upper tooth. 

Their length is very great ; the animal is smaller than the 
domesticated pig, but its canines attain a length of eight or 
ten inches. Their use is a matter of conjecture ; the position 
of the upper tusks has suggested the idea that they may 
serve as a protection to the creature’s eyes, as it seeks its 
food, consisting of fallen fruits, among the brushwood. But 
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were that the case the female also would probably have 
them, which is not the case, the upper canine being only 
about -J inch long, though it is everted and is beginning to 
turn upwards ; the lower tooth is a little larger ; and although 
in old anim.als they are often broken off, it is not certain that 
they are much employed in fighting. Its other teeth are in 
no respects remarkable. 

Hippopotamus. — The dental characters, as well as others, 

indicate the affinity of the Hippopotamus to the Suidfe. 

• 

.214 3 
i 2 ^ 1 4 3 * 

The incisors are tusk-like, and bear but little resemblance to 
those of most other mammalia ; they are nearly cylindrical, 
bluntly pointed at their apices by the direction of wear, 
and this is in some measure determined by the partial distri- 
bution of the enamel, which is laid on in longitudinal bands 
in the upper teeth, but merely forms a terminal cap on the 
lower incisors. 

The upper, standing widely a])art, arc implanted nearly 
vcrticall}' : the lower incisors, of which the median pair are 
exceedingl}^ large, are implanted horizontally. 

The canines are enormous teeth ; the lower, as in the Pog, 
are trihedral, and arc kept pointed in the same manner ; tlie 
upper canines are not so long, and the portion exposed above 
the gum is relatively short. 

The incisors and canines are all alike teeth of persistent 
growth. 

The premolars, of which the first is lost early (l>eing, like tlie 
similar tooth in the pig, perhaps a milk molar) arc smaller and 
simpler teeth built up on the same tj^pe as the true molars. 

These latter, especially when Avorn, have a very character- 
istic double trefoil pattern ; the four cusps, in the first in- 
stance, iverc separated by a deep longitudinal and a still 
deeper transverse groove ; each cusp was, moreover, trilobed ; 

B B 2 
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the first result of wear is to bring out the appearance of 
four trefoils ; next, when the longitudinal furrow is worn 
away, tw^o four-lobed figures result ; and finally all pattern 
becomes obliterated, and a plain field of dentine surrounded 
by enamel alone remains. 

The teeth of the Hippopotamus are subject to a great 
amount of attrition, as is well shown by a specimen pre- 
sented to the Museum of the Odontological Society, in which 
the molar teeth are all excessively worn. The Hippopotami 
use their incisors and canine tusks for the purpose of up- 
rooting aquatic phints, of which their food mainly consists : 
the roots of these are of course mixed up with much sand, 
w'hich wears down the teeth w ith great rapidity. Tlie larger 
incisors and the canines are, and for centuries have been, 
articles of commerce, the ivory being of very dense substance 
and useful for the mainifiicture of small objects. 

The remaining Ungulates (Selenodont) are divided into the 
Tylopoda (Camels), the Tragulina and the l^ccora, though 
the transitional forms linking the Bunodont Ungulata with 
the Selenodonts are abundant in the Tertiary epoch. 

The Camels have both upper incisors and canines, the 
dental formula being : — 

‘ .r .1133 

1 yc^pym-3- 

The first two pairs of upper incisors are absent, but the 
third or outermost pairs are present, and are rather caniniform 
in shape. In quite young skulls six upper incisoi-s are pre- 
sent, but the two inner pairs are lost very early. The 
canines are Strong pointed teeth, and the lower canine 
stands W'ell apart from the three incisors of the loAver jaw', 
unlike the fourth tooth in front of the mandible of typical 
pecora. 

Of the three premolars which are found in the upper jaw 
the first (probably prhi^), is close behind the canine : it 
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comes but once, is not acquired till about the sixth and 
seventh year, and persists through the life of the animal ; and 
as there is said to be a trace of a follicle of a milk tooth 
preceding it, it belongs doubtless to the second series. 

The second premolar is absent, the third being separated 
by a long interval from the first. 

Fig. 1.54 (’). 



The third premolar is sometimes lost early, but the fourth 
persists. 

The molars of the Camel arc of the Selenodont ” type ; 
their derivation from the several cusps of a bunodont 
type being sometimes pretty obvious, but in other cases 


Fig. 15.5 (*). 



more obscure. Thus Scott points out that in the case of 
some premolars the inner crescent appears to be derived from a 
folding round of the edges of the outer, which is clearly the 

(^) Upper and lower teeth of a Camel. In the figure pin^ is lettered as 
pm'^ this being the former view of its homology. 

(“) Selenodont molar of a deer. 
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protocone ; whilst in others it appears to be derived from the 
occurrence of extra cusps. 

The molars of the camel have double crescentic crowns, 
which may be taken as fair examples of simple ruminant 
patterns, accessory pillars, ttc., being added in some of the 
other families. 

The Tragulina or (vhevrotains, sometimes called Pigmy 
Musk Deer, though somewhat intermediate between the 
Pigs and Deer, and zoologically distinct enough, jio not 
differ in their dentition from the true ruminants, with which 
they may be noticed here ; the upper canines arc well 
developed, especially in the males. 

The hollow-horned ruminants (sheep and oxen and ante- 
lopes), and likewise almost all the solid horned ruminants 
(deer) have the following dental formula : — 


i - 

^ I] 



l>^m 




The lower incisors are antagonised not l)y teeth, but by 
a dense gum Avhich clothes the fore part of the upper jaw ; 
if a sheep is watched as it feeds, it will be seen to grasp the 
blades of grass between the lower teeth and the gum, and 
then to tear them off by an abrupt movement of the head, 
as it.would be impossible for it to, strictly speaking, bite it off. 

The anomaly of the entire absence of upper incisora was 
held to have been diminished by the statement of Goodsir, 
who believed that uncalcified tooth germs were to be found 
in the foetuses of many species. As this was precisely what 
flight have been expected, it has since that time passed 
clirrent as an i3stablishcd h\ct ; but M. Pictkewickz, working 
in the laboratory of M. Ch. Kobin, has absolutely denied the 
occurrence of even the earliest rudiments of tooth germs in 
this situation, after an examination of a series of foetuses 
of the sheep and coav, ranging even from the earliest 
periods. (Journal d’Anatomie, par C. H. Robin, 1873, p. 452.) 

Miss F. Mayo (Bull. Mus. Comp. Zool. Harvard, 1888), 
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has re-examined this subject; she confirms the view generally 
accepted that the germs are absent, but she points out that 
in the region of the missing canine, differentiation proceeds 
a little further than in the incisor region, though it never 
attains to the formation of a real tooth germ, ^.6., that the 
suppression of the teeth lias been progressive, and that the 
canine has been lost at a later period than the incisors. 
She bases this idea upon the occurrence of those kno*bs of 
epithelium which we arc accustomed to find where an enamel 
germ* is atrophying. Very numerous figures are given, so 
the reader may judge for liimsclf of the material from which 
the conclusions are drawn. 

Grouped with the six incisors of the lower jaw, and in no 
respect differing from them, rise the pair of teeth which 
are very arbitrarily termed “ canines.’^ As I cannot attempt 
to do more in these pages than give a bare outline of generally 
well-known fixets, I have retained the usual dental formula, 



Although the absence of upper canine teeth is a very 
general characteristic of ruminants, rudimentary canines 
exist in some deer, and I am indebted to the kindness of 
the late Sir Victor Brooke, a high authority upon •the 
Cervidcu, for the following : — 

“ The upper canines arc present in both sexes in all the 
species of Ceroidcs^ with the exception of Alces, Rangifer, 
Dama, some smaller species of Riisa, Axis, Capreolus, Caria- 
cus, Blastoccrus, Coassus, and Pudu. The upper canines, 
when present, are with the notable exception of Moscjpis, 
Elaphodus, Cervulus, and Hydropotes, small laterally com- 
pressed rudimentary teeth. Their crowns are in about the 
same stage of reduction as the crowns of horses^ canines, but 
their roots are relatively much more reduced.” Henco they 
are often lost in dried skulls, and it has generally been 
supposed that but few deer possessed canines at all. 
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The hornless musk deer possesses upper canities of most 
formidable dimensions, while the female has very small 
subcylindrical canines. 

The male pigmy musk deer (Tragulus) has large canines 
of persistent growth, the female small canines with closed 
roots. 

The Indian Muntjac deer (Cervulus) has somewhat small 
horn&, which are perched upon persistent bony pedicles, and 


Fw. 156 C). 



it has upper canines which are curved outwards from beneath 
the upper lip, much as are the tusks of a boar ; they do not, 
however, grow from persistent pulps, and are absent in the 
female. “ 

Cuvier first pointed out that there was a relation between 
the presence of horns and the absence of canine teeth ; the 
latter, serving as weapons of sexual combat solely, and 
being probably in no other way of service to the animal, 
are not required by an animal provided with powerful 
antlers or home, whereas the absolutely hornless musk deer 
would bo totally unprovided with weapons of offence were 
it not for his canines. To the musk deer and the Muntjac 
must be added Swinhoe’s water deer, Hydropotes inermis, 
which has canines shorter and stouter than Moschus, and 
Miebie’s deer, Elaphodus* ccphalopus, another small hornless 
(^) Cranium of male Musk deer (Moschus mosebiferus). 
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species, of which the males are furnished with formidable 
canine teeth, which are not so long as the Moschus, but are 
flattened from side to side, and are very strong. 

Although, with the foregoing exceptions, all the deer, 
oxen, sheep, antelopes, and the giraffe, animals constituting 
the greater number of the “ Ruminantia,” are without canine 
teeth, yet in the Camelidse tusk-like canines arc met with. 

It is a character of the Artiodactyle Ungulata that the 
premplar teeth are of decidedly simpler form than the 
molars j in the ruminants the premolars may be said each 
to roughly correspond to one half of a true molar, and the 
premolars and molars form a continuous scries. 

In all true Ruminants the last true molar of the lower 
jaw has a third lobe (^), and the line of the outer surface of 
the row of teeth is rendered irregular by the anterior edge 
of each tooth projecting outwards slightly more than the 
posterior border of the one in front of it. And the devia- 
tions in the patterns of the surfaces of the molar teeth are 
so constant and characteristic that, although the common 
ruminant pattern is preserved in all, it is often possible to 
refer an individual tooth to its right genus. 

The Ruminants all have a well-developed milk dentition, 
which serves the animal for a long time, indeed untjl after 
it has attained to its adult dimensions ; thus a sheep has 
not comi)leted the changing of its teeth till the fifth year, 
and a calf till the fourth year. But the first permanent 
molar is in them, as in so many other animals, the first of 
the permanent set to be cut, and comes up in its place at 
the sixth month (in the lamb), and hence has a long peiiod 
of wear before any of the other second teeth are cut. 
Consequently the first permanent molar is, as seen in Fig. 

1 54, invariably worn down to a much greater extent than 
the other permanent teeth ; in the specimen figured it has 

(^) Sir Victor Brooko informs mo that Ifeotragiis licmprichii, a small 
Abyssinian antelope, has only two lobes to the third lower molar. 
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been worn down below the inflections of enamel, so that it 
has lost its roughened grinding surface, and is reduced to a 
smooth area of dentine. 

Not much is known of the structure of the dental tissues 
of the Ungulata wliich calls for mention in an elementary 
work. The thick cement of the crown of the teeth of the 
Horse, and indeed of most of the group which possesses 
thick cement, contains many “encapsulcd lacuna3,” find is 
developed from a distinct cement organ of cartilag:inous 
consistence. 

Ill the Cervida} the true molars arc somcwliat brachydont, 
and these teeth take their place at once with the neck at the 
level of the margin of the gums, and remain at this level, 
and the folds of the teeth are not much tilled up with 
cementum. 

In the Bovidaj teeth tend to be more hypsodoiit, and the 
tooth goes on growing up while a considerable part is worn 
away, so that the crown is lengthened and the root small ; in 
this type of tooth the iiitci*stices of the columns are tilled up 
with cementum. 

The hypsodont tooth being in some respects a further 
elaboration of the brachydont we find, as might be expected, 
thtit in the early and more generalised forms the teeth arc 
shorter than in those w'hich occur later, and every transition 
between the two may be found both in the Artiodactylc 
and Perissodactyle Ungulata (Flower and Lydekker). 

Ferissodactyle Ungnlata. — These are much less 
numerous than the Artiodactylcs, and amongst recent 
animals comprise only the Tapir, the Horse and the Rhino- 
ceros and their allies. 

In the Tertiary period, however, there was a much larger 
number, some of which bridge over existing gaps, and others 
of which became specialised along lines which have died out. 

Their premolars and molars form an unbroken series ; they 
are big, ridged or more complicated by various foldings, and 
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the premolars, at all events the last three of them, are as 
complex in pattern as the true molars. The crown of the 
last molar is generally bilobed, and the tooth immediately 
behind the canine comes but once in the horse. In 
Rhinoceros it is sometimes replaced, but sometimes the 
milk tooth persists, while in the horse it is never replaced ; 
nevcrtlieless it appears to belong to the second series, as it is 
not cut until about the thirtieth month, that is to say, 
after the milk molars, and but shortly before the eruption 
of the second and third premolai*s. 

The molar teeth are kept in an efficient state of rough- 
ness by the enamel dipping deeply into the crowns ; by the 
cusps, ill fact, being of very great depth. It consequently 
happens that after the immediate apex is worn away, the 
flattened working face of the tooth is mapped out into 
definite patterns, whicli, on account of the light thus thrown 
upon fossil remains, often consisting of little else than the 
teeth, have been studied with great care. The result has 
been to cstablisli a general community of type, so that, dis- 
similar as they at first sight appear, it is possible to derive 
all, or almost all, the configurations of their crowns from one 
or two comparatively simple patterns. But odontologists 
arc not yet agreed, or rather are only getting J:o lAiow 
enough of the vast number of extinct Ungulates which once 
existed (of which many have lately been discovered) to 
decide witli certainty what the parent pattern was. 

The patterns of the molars have been made use of to 
divide them into the following groups : 

(i.) Bilophodont, i.e., two ridges, e.fj. the Tapir. ,» 

(ii.) Molars (lower) bicrescentic, e.g. Rhinoceros. 

(iii.) Lower molar bicrescentic, with the addition of inner 
lobes or columns, e,g. Horse. 

The Tapir is interesting as appearing in Miocene strata 
and remaining practically unchanged till the present time, 
it being thus the oldest existing genus of mammals (Flo^ver). 
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Tapir. — The dental formula is ^ 

.314 3 

1 -g C T P 3 «« -3 

In a brief survey, like that to which the present work is 
necessarily confined, it wdll suffice to mention that there is 
no great peculiarity about the incisors or the canines, save 
that the third upper incisor is larger than the canine, and 
opposes the lower canine which ranges with the lower 
incisors ; behind the canine comes an interval, after >^ich 
come the premolar^ and molars, wdiich are interesting, as 
being of simpler pattern than those of most Ungulates, and 


Fig. 157 (*). 



it will be necessary to very briefly allude to the various 
patterns characteristic of ungulate teeth, with a view of 
showing how they may have been derived the one from the 
other. 

The first upper premolar is triangular, one of its cusps 
being suppressed, but the rest of them are squarish and 
resemble true molars. It has been preceded by a milk tooth, 
so that it is certainly of the second series. 

In the Tapir four cusps arc traceable, but ridges uniting 
the tw’o anterior and the two posterior cusps are strongly 
developed, at the cost of the antcro-posterior depression, i.e, of 

' one of the arms of the cross which separate the four cusps 
< 

(') Molar tooth of Tapir. 
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in other quadricuspid molars. There is therefore only a 
deep transverse fissure (hence it is called a bilophodont 
tooth), and the quadricuspid form is disguised. A low wall 
on the outside of the tooth connects the two ridges. 

In Rhinoceros the number of incisors varies, they being 
often almost rudimentary and not persistent, so that it is 
difiicult to assign a dental formula to them : 

. ? 0 4 3 

1 T c Pi pm j m -3 

In some fossil forms there are three lower incisors and a 
canine, so that it seems probable from comparison with them 
that the front lower tooth of the recent animal is the 
canine. 

The first upper premolar is in some cases a replacing 
tooth j but in others, where the successional tooth is 
suppressed, the milk tooth persists. In the molars the two 
external cusps are united by a longitudinal ridge, possibly 
the cingulum, and the transverse ridges become oblique ; 
consequently the v.alley between the ridges c and d is also 
oblique in direction, and a second valley “ a ” behind the 
posterior ridge is introduced (Fig. 158). 

The simplicity of the pattern is also departed Jronf by 
the margins of the ridges, and therefore the boundaries of 
the depressions, being waved and irregular. 

The lower molars of the Khinoceros are made up of two 
crescentic ridges, one in front of the other, with the holloAvs 
turned inwards. It is less obvious how this pattern is 
derived from that of the Tapir, but it may be that the tr^ans- 
verse ridges of the Tapir type of tooth may have become 
curved and crescentic, so that the original outer edge of the 
posterior ridge abuts against the back and the exterior of 
the ridge in front of it. The valleys between the processes 
of enamel and dentine of the tooth of the Khinoceros, termed 
“ sinuses," are not filled up solidly with cementum. 
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The PaloGotherium type of tooth may be said to be arrived 
at by the outer wall becoming zigzag, being bent inwards 
opposite to the cusps, and outwards at the comers of the 
tooth and opposite to the interspaces between the cusps. 
The more complex pattern which characterises the molar of 
the Horse may be derived from a further modification of the 
Rhinoceros molar. 

To iise the words of Professor Huxley: “Deepen the 
valley, increase the curvature of the (outer) wall and 
lamina) (transveme ridges), give the latter a more directly 


Fi«j. ms (>). 



backward slope ; cause them to develop accessory ridges 
and pillars ; and the upper molar of the Tapir will pass 
through the structure of that of the Rhinoceros to that of 
the Hors,c.” 

By a further increase in the obliquity of the ridges and 
in their curvature (c and cQ, they become parallel to the 
external or antcro-posterior ridge (w'all), and bend round 
until they again touch it, thus arching round and completely 
encircling the sinuses (u and the space betw'een c and d) in 
the •Rhinoceros tooth. In this way the unsymmetrical 
pattern of the Rhinoceros tooth may be supposed to become 
transformed into the comparatively symmetrical one of the 
Horse or of the ruminant. 

, (*) Grinding surfaces of upper molar series of a Rhinoceros, a. Posterior 

sinus, which at a has become ap. island, c. Posterior ridge, d. Anterior 
ridge. 
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Equns.— rThc outer ridge or Avail is in the upper molar 
of the horse doubly bent, the concavities looking outwards. 
The transverse ridges start inwards from its anterior end 
and from its middle, and they curve backwards as they go 
to such an extent as to include crescentic spaces (between 
themselves and the outer wall). To this we must add a 
vertical pillar, which is slightly connected with the posterior 
end of each crescentic edge (this pillar is in Hii^parion 
quite detached). 

The IdAver molars of tlie horse present the double crescent, 
just like those of the rhinoceros, save that vertical pillars 


Kra. 1.59 (»). 



are attached to the posterior end of each crescent, thus 
slightly complicating the pattern of the Avorn surface.. The 
interspaces of the ridges and pillar are in the horse solidly 
filled in Avith cementum. The extinct ancestors of the horse 
are now, however, pretty Avell known, thanks to the researches 
particularly of Prof. Marsh ; starting Avith the Eohippus, no 
larger than a fox, Avith four AA’^ell-dcvcloped toes and a rudi- 
ment of the fifth (forefoot), through the Eocene Orohippus 
(4-toed), the Miocene Mesohippus as large as a sheep 
(3-toed, Avith rudimentary splint), the Upper Miocene Mio- 
hippus (3-toed), the Lower Pliocene Protohippus, as large as 
an ass (3-toed, but only the middle one reaching the ground), 
(^) Upper molar of Horse. 
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Fio. 160 (>). 



Protohippus, 

(Hipparion), 




Miocene. 

I Miohippus 
‘ {AncpMhcHum). 



Mesohippiis. 



Eocene. 

Orohippm. 




(*) Ancestry of the Horse. After Marsh. 

The Forefoot and surfaces of upper and lower molars. 
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which was like the European Hipparion, and the Pliocene 
Pliohippus, which has lost the small hooflets, whilst in the 
Upper Pliocene the true Eqiius first appears. 

Eohippus had forty-four teeth, the molars being (piite 
distinct from the prcmolars, with short crowns and roots ; 
in Orohippus the last premolar is like the true molars, while 
in Mcsohippus two premolars are like the true molars. 

The groat lengthening which has taken place in the 
molars of the horse (hypsodont) since the time of the 


Fig. 161 (-). 



Miocene Miohippus (Anchitherium) is well seen in 'clic ac- 
oompanying figure. 

It is perfectly obvious that the hypsodont type of tooth 
provides for a much longer period of severe attrition before 
the roots are formed than the brachydont tooth of Mio- 
hippus, so that it is probable that the food of the modcin 
horse is of a drier and harsher kind than that of its an- 
cestors. 

The following figure (from Flow^er and Lydekkcr) repre- 

(^) Ancient deer also had short crowns to their molar teeth . 

[”) Outer view of second upper molar of Anphitherium (brachydont) and 
of horse (hypsodont). 
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sonts the grinding surfaces of the same teeth. In Mio- 
hippus the surface had two nearly transverse and slightly 
curved ridges with valleys between them, but the valleys 
were shallow and were not filled up with cementum. 

As the crowns of the teeth became longer, and the valleys 
between the cusps very much deeper, they became filled up 
solidly with cementum, which not only added strength, but 


Fia. 162 (*). 



as the tooth wore down preserved a rough surface by afford- 
ing three tissues of different hardness ; for as the tips of the 
cusps wore down the enamel was worn off and areas of 
dentine surrounded by a rim of enamel became exposed, and 
the intervening cementum also came into wear, the efficiency 
of the surface for grinding purposes being yet further in- 
creased b}’ the sinuosity of the enamel rings. 

'The, horse is furnished with the full mammalian number 
of teeth, the dental formula being — 




3 


c 


1 4 

p in 
K 4 


3 

3' 


The canines, however, are rudimentary in the female, wdiilst 
in the male they are well developed (in the gelding they 
arfc of the same size as in the entire horse) ; and the first 
pre-molar, which has no predecessor, is also rudimentary, 
and is lost early. A considerable interval exists between 


(*) Grinding surfaces of an unworn tooth of Anchitheriura, of unworn 
tooth of Horse, and of worn tooth of Horse. In the latt-er the light areas 
are dentine, the shaded arers cementnm, and the black border between 
them enamel (after Flower and Lydekker). 
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the incisors and the preniolars and molars, which latter are 
very similar to one another, both in shape, size, and in the 
pattern of the grinding surface. 

Mtares occasionally have all four canines, but more com- 
monly tliey have only the lower ones. 

The incisors of the horse are large, strong teeth, set in 
close contact with one another; the teeth of tlie upper ^ and 
lower jaws meet with an “ edge to edge bite,’’ an arrange- 
ment which, while it is eminently adapted for grazing, leads 
to great ’wearing down of the crowns. An incisor of a liorse 

Fig. 163 (>). 

(si 

or other animal of the genus may bo at once recognised by 
that peculiarity Avhich is known as the “ mark.’’ 

From the grinding surface of the crown there dips in a 
deep fold of enamel, forming a ad de sac. As this pit does 
not extend the whole depth of the crown, and the incisors 
of a horse are submitted to severe wear, the fold eventual}}' 
gets worn away entirely, and the worn surface of the 
dentine termed the “table” presents no great peculiarity. 
Hut as this wearing down of the crown takes place at some- 
thing like a regular rate, horse dealers arc enabled to judge 
of a horse's ago by the appearance of the mark upon the 
lower incisors. The “ mark ” exists in Hipparion, Ij^it 
not in the earlier progenitors of the horse, ft is found in 
no other animal except a South American mammal of 
doubtful affinities — Macrauchenia, 

A horse attains to its adult dentition very slowly. A foal 

(*) Apex of crown of an upper incisor of p, Horse, not yet completely 
formed. 
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is born witli the two central incisors in each jaw ; when 
nine weeks lAd it has four. 

At years the temporary central incisors are shed, at 
the lateral, and at the corner incisors, Jind at o yeors the 
horse is said to have a “full mouth,” the corner tectli liavinj' 
sharp edges. As the rate of wear is ecjiial the mark gets 


Fi(!. 164 (»). 


Via. 165 (’). 





worn out soonest upon the central incisors, and last upon 
the corner teeth. 

, At six the age is judged of chiefly by the wear of the 
coaicr teeth, as the cavity in centrals is nearly worn out. 
At the eighth year the central table is rather triangular, 
and the cups are gone from the middle incisors entirely, 
while from 8 to 10 years a stain remains on centrals, and a 
round ring of enamel on comer teeth. (*) 

(*) Incisors of a Horse, showing the marks at various stages of wear. 


THE TEETH OF PEIUSSODACTYLE UNGULATA. 389 

After 12 years the mark has wholly gone from centrals, 
and there is no certainty as to age so far as it is concerned. 

After the “mark” is worn away the centre of the tooth 
is marked by a difference of colour, due to the presence of 
secondary dentine, into which the remains of the pulp has 
been converted ; this lies in front of the site of the mark. 


Krrt. 160 ('). 



It is pointed out by Sydney (hilvaine (Horse Dentition), 
tliat there is another reliable sign of age which comes into 
play after the wearing out of the cups of the lower teeth.^ 

Upon the front surface of the uj)pcr teetli is a longitudinal 
median groove, which extends the whole length of the im- 
planted portion, but stops short of the point of the crown. 

Upon the centrals and middle teeth it is variable, but on 
the upper corner teeth it just appears at the margin of the 
gum in a ten year old. At this time there is about an yich 
of crown in view above it, and it takes eleven years to wear 
away this inch of tooth substance, so tliat at twenty-one 
years it reaches the working surface of the tooth. From 

(') Side view of the dentition of a Stallion. At a short interval behind 
the incisors are seen the canines : tlien, aft^r a considerable interval, the 
preiiiolar and molar series. 
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what has just been said the reader ^Yill have inferred 
that the horse’s incisors continue to be extruded from their 
sockets during the whole of its life, so as to meet the wear 
W’hich is taking pljice. 

But they are not teeth of persistent growth in the 
ordinary sense, as the roots taper dow’ii to blunt points, and 
their full length is practically complete by the fifth year ; it 
is therefore, a process of gradual extrusion of an already fully 
formed tooth. It has been pointed out by my father that the 
enamel on the front of the tooth extends down to wiAiin a 
short distance from the end of the root : on the back of the 
tooth it stops short much sooner. 

It is, however, oveidaid by cementum, and is only brougld 
into view upon the exposed crown of the tooth by the wear- 
ing aw^ay of this softer cementum, so that its existence has 
not been generally noticed. As the sides of the teeth are 
not exposed to w ear, the cement covering remains upon them, 
nearly up to the working surface, and upon the back of the 
tooth again it is worn off, but only down to a point about three- 
(juarters of an inch above its level on the iront of the tooth. 

While in the normal dentition the horse has only three 
premolars, yet a fourth, sometimes called wolfs-tooth, is 
present at the front of the row, a remnant of the fuller 
dentition of raUeothcrium and Hipparion. 

The molars of the horse are remarkable for their great 
length ; they do not grow from persistent pulps, but never- 
theless they do go on grow ing until a great length of crown 
of uniform diameter is made, subsequently to which the 
sh*o;.J and irregular roots are formed. As the upper work- 
ing surhice of the crown becomes w’orn, the tooth rises 
bodily in its socket, and wdicn by an accident its antagonist 
has been lost, it rises far above the level of its neighbours. 
This elevation of the tooth takes place quite independently 
of growth from a persistent pulp, and, in fact, happens after 
the formation of its roots. 
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The pattern of the horse’s molar has been already de- 
scribed ; it should be added that the last molar ditfera from 
the rest in its posterior moiety being less developed than in 
the other teeth. 

As each ridge and each pillar of the tooth consist of 
dentine bordered by enamel, and as the arrangement of the 
ridges and pillars is complex ; as, moreover, cement um hi Is 
up the interspaces, it will be obvious that an efficient rough 
grinding surface will be preserved by the unequal wear of 
the several tissues. 

When a bit is put into a horse’s mouth it rests in the 
interval, or diastema, which exists between the incisors and 
the commencement of the molar series, and the great con- 
venience of the existence of such a space has led many 
authors to assume that the horse was moulded in accordance 
with man’s special rc([uiromcnts, so that it might be suited 
for its subserviency to his wants. 

But the wide diastema appeared in the remote ancestors 
of the horse long ages before man’s appearance on the earth, 
and the advocates of this theory of design would, as Pro- 
fessor Huxley suggests, have to tell us what manner of 
animal rode the Hipparion. 

The milk teeth of all the Ungulata are very complete, 
and are retained late ; they resemble the pennanent teeth in 
general character, but the canines of the horse, as might have 
been expected, their greater development in the male being 
a sexual character, arc rudimentary in the milk dentition. 

If we had specimens of most of the Ungulates which ever 
lived, there would bo no doubt as to the relationship of^tlie 
various patterns : as it is, we are embarrassed by the lack of 
the material, which leaves gaps in some places too great to 
bridge over without some amount of speculation. As it is. 
Sir W. Flower divides the principal varieties (Phil. Trans., 
1874) into three : — 

(i.) That in which the outer wall *is feebly developed, and 
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transverse ridges become the prominent features, as in the 
tapir. 

(ii.) That in Avliich the outer wall is groatl}" developed 
and more or less smooth, the transverse ridges being oblique, 
as in the rhinoceros. 

(iii.) That in which the o\itcr surface and edge of the 
outer wall is zigzagged, or bi crescentic, as in the horse and 
palseotheriiim. 

To the Pcrissodactyle Ungulates which arc speciall}" in- 
teresting on account of their dentition, must bo added 
Homalodontotheriiim, a tertiary mammal of as yet uncertain 
affinities, the remains of which wore described by Sir AV. 
Flower (Phil. Trans., 1874). 

It had highly generalised characters ; its teeth were 
arranged without any diastema, and the transition in form 
from the front to the back of the mouth was exceedingly 
gradual, so that no tooth differed much from those on either 
side of it. Taking the pattern of its molar teeth alone into 
account, it would have been without hesitation declared to 
be very nearly allied to rhinoceros, on which type they are 
formed, but the resemblance fails in the canine and incisor 
region, and it must be considered to be one of those 
gcueralised types related to Uhinoceros, to Hyracodon, and 
perhaps' connecting them with such aberrant forms as 
Toxodon. 

The largest of Ungulates more or less akin to the Perisso- 
dactyles equalled the idephant in size, and have been named 
by Professor Marsh Prontt)theridie or Titaiiotheridoc. The 
dental formida was 

’ .21 43 

1 - c pm - m . 

2 1^ 3 3 

The incisors were small and sometimes deciduous, and 
the canines short and stout, the lower being the more con- 
spicuous owdng to its being separated by a slight diastema 
from the premolars, whi6h is not the case in the upper jaw. 
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The prcmolars in both jaws increased in size from before 
bjickwards, and did not differ from the molars next them, 
[n the lower jaw the premolars and molars all consisted of 
two crescents, save the last, wliich had three crescentic 
cusps. The molar teeth stood apart from those of any 
recent perissodactyles in their huge size, tlic scpiarish last 
upper molar, for example, measuring four inches antero- 
posteriorly and more than three transversely (Ih-of. Marsh, 
American Journal of Science and Arts, 1876). 


thh: teeth oe iiykacojdea. 


The lliblical coney (Hyrax), an animal as large as a 
rabbit, must not be passed over without mention, as its 
dentition has been indirectly the source of much contro- 
versy. So far as the pattern of its molar teeth goes, it 
corresponds closely with Rhinoceros, and was hence classed 
in close proximity to that genus by Cuvier. But a more 
extended survey of its characters has led to its being placed 
ill a separate sub-order ; it is a good example of the danger 
which attends relying upon any single cliaracter, such as 
tlie pattern of the teeth, as being alone a sutticient basis* for 
classification. 

All observei-s, however, are not agreed as to its jiosition ; 
it certainly presents affinities with Berissodactyla, but 
modern zoologists are pretty w’ell agreed in placing it in 
a sub-order by itself. Prof, ( -ope, liowevcr, regards it as 
closely akin to some early highly generalised Ungulates, 
which he groups togetlier by the name of l^axeopoda ; they 
all possessed five toes on each foot, and many of the characters 
of their teeth bring them wdthin measurable distance of 
ancient Insectivora. 


The dental formula is i — c — nrm -- m — . 

2 0^' 4 3 
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Seen from the side, the dentition bears some resemblance 
to that of a Rodent, because of the large size of its central 
incisors, which grow from persistent pulps, are chisel-edged, 
prismatic in section, and arc furnished with a very thick 
coat of enamel on their aiitero-extern.al and antero-internal 
fixees : the second pair of incisors, which are small, are soon 


Fig. 167 (^). 



lost. But Hyrax has the full typical number of premolars 
and molars, and the patterns of those teeth are closely 
similar to those of the Rhinoceros. 

In tlie lower jaw the middle incisors are small, and the 
outer ones largely developed, and all persist : their crowns 
are in a manner trilobcd, and they pass in ordinary closure 
of the mouth behind the upper incisors, where they are met 
by a dense pad of gum, but they are not of peraistent 
growth. 

(*) stull of the Hyrax. 
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THE TEETH OP PllOEOSCTDEA. 


At the present day the Klo|)hant stands alone, removed 
by many striking peculiarities from the Ungiilata, to which 
it is more nearly allied than to other orders ; but in former 
days the order Proboscidea wjis represented by a good many 
genera, was widely distributed over the globe, and tran- 
sitional forms linking the elephant witli soincvvliat less 
aberrant mammalia were not wanting. In this group the 
incisors grow from persistent pulps, and form conspicuous 

tusks ; the elephant has i — , the Mastodon has i the 


Dinotherium i 


. 0 


Two striking features characterise the dentition of «the 
Elephant ; the enormous length of the incisor tuslts, and 
the peculiar displacement from behind forwards of the molar 
teeth, by which it results that not more than one whole 
molar, or portions of two, arc in j)lace at any one time. 

The upper tusks are preceded by small deciduous teeth ; 
this is well established, though it has been recently denied 
by Sanderson (Wild Beasts of India). Their milk incisors 
have their bases irregularly closed, and are shed off before 
the second year. When first cut they are tipped with 
enamel, but the enamel cap is soon worn ^If, and the 
remainder of the tusk consists of that modification of dentine 
known as “ ivory,” and of a thin External layer of cement. 
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lu some extinct species the enamel formed longitudinal 
bands upon the tusks. 

The permanent tooth at the time of its eruption is coated 
witli cementuin, even over its enamel tip : this latter is 
about 5 niin. tliick and extends for from 1 to 6 inches along 
the tusk. 

In the Indian elephant the tusks arc not so large as in the 
African species : and tlic tusks of the female are very much 
sliortcr tlian those of the male. In the African elephant no 
such dillerenco in size has been established ; and amongst 
Indian elephants males arc sometimes met with wliich have 
tusks no larger than the females of corresponding size ; they 
go by the name of “ Mueknas.’’ 'I’his peculiarity is not 
always transmitted, and it is known that in (^cyloii tusklcss 
sires sometimes beget “tuskers.” Amongst the Ceylon 
elephants the fjossession of large tusks by the male is an 
exceptional thing, Sanderson stating that only one in three 
hundred has them, while amongst tifty-one Indian elephants 
only five were tuskless. The tusks arc formidable weapons, 
and great dread of a “ tusker,” is shown by elephants less 
well armed. 

A male makes use of his tusks for all sorts of ])urposcs ; 
thus when a tinned one is given a rope to pull, he will, by 
way of getting a good purchase upon it, pass it over one 
tusk and grasp it between his molar teeth. 

A pair of African tusks exhibited at the (Ircjit Exhibition 
of 1851, weighed 525 lbs., and measured 8 feet 6 inches in 
length, and 22 inches in circumference, but the average 
tusl^i imported from Africa do not exceed from 20 lbs. to 
.50 lbs. weight. Indian elephants seldom have tusks 
attaining very largo dimensions; one ^vas, however, shot 
by Sir Victor Brooke with a tusk 8 feet long, weighing 
90 lbs. 

The largest tusks were possessed by the Mammoth, the 
remains Of which arc so^ abundant in Siberia ; these, which 
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were strongly curved, and formed a considerable segment of 
a circle with an outward inclination, so as to well clear the 
sides of the head, attained the length of 13 feet, and a 
weight of 200 lbs. each. 

Ivory is one of the most perfectly elastic substances 
known, and it is on this account that it is used for billiard 
balls ; it owes its elasticity to the very small size of the 
dentinal tul)es and the frc(pient bends (secondary curviiturcs) 
which they make ; to the arrangement of the tubes the 
peculiar engine-turning pattern of ivory is due. ^I'he softer 
varieties of ivory containing G0*9 per cent, of lime salts, and 
the harder as much as 64*4- per cent. It difllcrs from other 
dentine in its containing from 40 to 45 per cent, of organic 
matter (human dentine contains only about 25), and in the 
abundant concentric rows of interglobular spaces. Along 
these ivory when it decomposes breaks up, so that a <lis- 
integrated seginciit of a tusk consists of dctatclied concentric 
rings ; iii this condition many manunoth teeth are found, 
although sometimes where they have remained frozen and 
protected from the air until tlie time of their discovery they 
are hardly affected by the lapse of the thousands of years 
which have gone by since their possessors perished. 

The best ivory is that which comes from equatorial 
Africa ; Indian ivory is not so highly esteemed, and Mam- 
mot Ii ivory is so uncertain in its degree of preservation that 
it does not find a ready sale, even though some sanqdes 
almost attain the quality of recent ivory. 

Even in Africa, though there is only one species of 
Elephant, the quality of the ivory varies : that from the 
West Coast being harder and more translucent, that from 
the East Coast softer, whiter, and more opaciuc. 

The further from the Equator, the higher and drier the 
locality, the coarser the quality of the ivory : tl^ best comes 
from the low and wet neighbourhood of the Caboon. 

The last remains of the pulp ai^e converted into dentine 
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ill which a few vascular canals persist ; tliis of course occu- 
pies the centre of the tusk, and is small in amount. 

The trade in ivory is quite an importiint one, the 
Board of Trade returns for 1879 giving 9414 cwts., of 
the value of £406,927, as the quantity brought to tliis 
country. 

But the best of mammoth ivory, which has been 
preserved by the low temperature from any change, so 
that it is hardly distinguishable from recent ivory, has^long 
been an article of commerce, jicrluips even from the time of 
Pliny. 

Nordcnskiold (\'oyage of the Vega) mentions that the 
dredge often brought up portions of tusks, and the natives 
oftered at times very tine tusks for sale. 

It is estimated that 100 pairs annually come thus into the 
market, and this is probably less than the real number. 
He travelled uj) the Yenisei in 1875 on board a steamer 
which carried over 100 tusks, of which, however, a large 
number were so blackened and damaged, that it was difficult 
to suppose them marketable. 

The nearer you get to the Polar coasts the more abundant 
are the mammoth remains, especially where there have been 
greftt landslii)s, though the tusks found at the lowest 
latitudes are said to be smaller. 

Ill the new Siberian Islands, in the space of a verst, ho 
saw ten tusks sticking out of the ground, and from a single 
.sandbank ivory collectors have for eighty years reaped a 
harvest. 

I 

In, England dealci’s in ivory seem all to deny ever using 
mammoth ivory, though the finest specimens require the 
eye of an expert to distinguish them from recent ivory when 
cut up, and the denial must be taken cum grano. 

One of the largest firms in Germany states that of 
* imported mammoth ivory about 30 per cent, of the tusks 
are good and the remaining 70 per cent, worthless. 
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On breaking ivory across, the fractured surfiice presents 
parallel troughs and ridges, so that the amount of tissue 
broken through is much larger than it otherwise ^vould be : 
this obviously adds to its strength, and is a result of the 
peculiar disposition of its much spirally twisted dentinal 
tubes : this ma}" be well seen in specimens in which the 
tubes have been isolated. It is interesting to note in 
connection with the high percentage of organic matter in 
ivory tliat the connective tissue basis is very apparent, 
especially in secondary formations. (Miller.) 

The cement um is rich in Sharpey’s fibres. 

The surfaces of the tusks of the female arc often deeply 
excavated about the level of the edge of the gum, and are 
sometimes so weakened fi'om this cause that they break off. 
The late Trof. Moseley told me that he was informed by the 
late Major Kossall, who as a sportsman had great knowledge 
<»f Indian elephants, that the tusks of all the females he has 
ever seen are so affected, and that the larvm or pupm of a 
dipterous insect are often found bedded in the gum, and 
attached to the surface of the tusk. There is a specimen of 
a female elefihant’s tusk with the pupic attached in the 
Museum of the Royal College of Surgeons. It would bo a 
matter of interest to ascertain whether the larva really eats 
away the tusk, or whether the Avasting of the tusk be due 
to absor[)tioii set up by the irritated gum. 

The tusks of an elephant are implanted in long and stout 
sockets, and grow from persistent pidps throTighout the 
lifetime of the aninial. 

In the Indian elephant about one half of the length of ihc 
tusk is implanted, and in yoi;iig animals the pulp cavity 
extends beyond the implanted portion, but in older animals 
it does not extend nearly so far. Thus in one very big tusk 
the pulp cavity w’as a cup-shaped dei)ressioii onjy inches 
deep, so that the tusk was virtually solid throughout. A 
knowledge of its extent is necessary, seeing that the tusks 
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of captive elephants have to be shortened from time to 
time ; this operation is by some done frccpiently, by others 
only at long intervals, such as ten years, in which case a 
large and valuable segment of ivory is cut off, and the end 
of the tusk bound with metal to prevent it from splitting. 

Tusks sometimes exemplify on a large scale the results of 
injury to the growing pulp, as it is of no unfrequent oc- 
currence that ckqdiants which have been shot at and 
wounded escape. 

The thill walls of the tusk near to its open end do not 
offer very much resistance to the entrance of a bullet ; the 
result of such an injury is not, as might have been expected, 
the death of the pulp, but in some cases abscess cavities 
become formed in the neighbourhood of the injury, while 
in others less disturbance is set up, the bullet becomes 
enclosed in a thin shell of secondaiy dentine, or sometimes 
lies loose in an irregular cavity, and round this the normal 
“ ivory ’’ is deposited ; upon the outside of the tusk no indi- 
cation of anything unusual is to be seen, so that the bullets 
thus enclosed are found by ivory turners only when sawing 
up the tusk for use. 

As the tusk grows, that which was once in the pulp 
cavity, and within the alveolus, comes to be at a distance 
from the head, and in the midst of solid ivory. 

As an example of the extent of injury from which a 
tooth pulp is capable of recovery, may be cited a specimen 
now deposited in the Museum of the Odontological Society, 
by Mr. Bennett, to whom I am indebted for permission to 
figure it. 

It is to be presumed that a trap was set with a heavily 
loaded spear, or that it was dropped by a native from a 
tree, with the intention of its entering the brain of tlie 
elephant as jt was going to water, both of these methods of 
killing elephants being practised in Africa. But in this case 
the spear penetrated the open base of the growing tusk, 
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which looks almost vertically upwards (see fig. 169), and 
then the iron point appears to have broken off. This did 
not destroy the pulp, but the tooth continued to grow, and 
the iron point, measuring no less than by Ij- inches. 

Fig. 168 0 ). 



became so completely enclosed that there was notliing upon 
the exterior of the tusk to indicate its presence. 

I am told by Mr. Erxlebeii that he is acquainted with 
another instance in which a spear-head has become com- 
pletely enveloped in ivory. 

There are also other specimens extant, of which an 
excellent example is a javelin-head quite solidly embedded 
in the ivory, which is i-n the Museum of the Royal College 
of Surgeons. 

Six molar teeth arc developed on each side of the jaw by 
the elephant, and, arguing from analogy, they are some- 


times classified thus — milk 


molars , true molars 


3 . 
3 ’ 


occasionally a rudimentary tooth in front brings up the 
number to seven on each side. But the peculiarity of their 
mode of succession renders such a classification merely 
arbitrary, so far as the elephant itself is concerned, and it 
depends upon analogy with the teeth of the mastodon. 
Though the elephant has, during the course of its life, 
twenty-four molars, they are not all in place, nor ttideed 

(’) Iron spear-head, irreinovably fixed in the interior of a^usk, believed 
to be from an African Elephant. From a specimen in the possession of 
Mr, Bennett. 
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are they all actually in existence at the same time. Only 
one whole tooth on each side, or portions of two (when the 
front one of the tw’o is nearly worn out), are in use at the 
same time. After a tooth has been in use for some time, 
and is worn away, a new tooth comes up to take its place 
from behind it, and absorption in the old tooth being set up, 
it is shed off, and the new tooth pushes forward into its 
place* (sec fig. 169). Each successive tooth is of greater 
size than its predecessors ; thus in the Indian elephant 
the first tooth has, on an average, four transverse plates ; 
the second eight, the third twelve, the fourth twelve, the 
fifth sixteen, the sixth from twenty-four to twenty-seven. 
In the African elephant, in which the individual plates are 
much broader, they arc fewer in number. 

A reference to the accompanying figure will indicate how 
the succession takes place, 'riie tooth in reserve occupies a 
position at an angle to that in use ; as it moves forwards 
and (in the upper jaw) downwards its track forms almost 
the segment of a circle. Thus its anterior corner is the 
first to come into use, .at a time w-hen the position of the 
w’hole tooth is still exceedingly oblique, .and the greater part 
of it is still within the socket. 

.The teeth .as first formed consist of detached plates of 
dentine 'coated wath enamel, the tops of which are mammil- 
lated ; these are.as of dentine only coalesce after a con- 
siderable portion of their depth has been formed, and that 
portion of the tooth has been reached in which there is a 
common pulp cavity ; here dentine is continuous from end 
to* end of the tooth. 

Just as the feusps of a human molar are separate when 
first calcified, so these exaggerated cusps or plates of an 
elephant^s tooth are separate from one another till a great 
part of th^eir length is completed, and they only coalesce 
when they ’reach the level of the common pulp chamber; in 
point of fact the elephcdit^s tooth is mainly made up of its 
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cusps, filled up solidly with cementum, the remaining por- 
tion being insignificant. 

Several of these detached plates, such as the one figured 
on the next page, are to be found at the back of the largest 


Fio. 169 (^). 



teeth even at a time when the front corner has been erupted 
and has come into wear. 

That the tooth is thus being built up only as it is required 
is of obvious advantage to the animal in diminishing the 
weight to be carried, and in economising space. ^ 

(^) Side view of skull of young Indian Elephant. The teeth in use arc 
the second and third of the molars which displace one another from 
behind forwards ; the anterior of these, corresponding to a milk molar in 
other animals, is nearly worn out; the residual fragmentjis separately 
represented on the left. The tusk, of which only a shortfpicce can be 
shown, is indicated within the socket by dotted lines, by which also the 
£orm of the pulp cavity is mapped out. ^ 


D D 2 
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The teeth when they begin to be erupted do not at once 
come into use over their whole surface, but they come for- 
ward in an oblique position, so that the front corner of the 
tooth has been in use for some time, and its plates have been 
considerably worn down, before the back of the tooth has 
become exposed at all. Naj’, more, in the case of the larger 
molars the front of the tooth is actually in use at a time 
vrheii its back is not yet completed. And inasmuch as the 


Fiij. 170 (*). 



tooth comes up not vertically but obliquely, and its anterior 
corner is first presented to wear, it follows that the whole 
of the tooth gets actually worn away, with the exception 
of a Srfiall fragment of its posterior buried corner, which is 
cast off. 

Had the tooth been emitted vertically, like other teeth, 
there would have been a comparatively large residue of 
implanted portion along its whole length to be cast off, so 
tiiat its oblicjuity leads to a great economy of material. 

Proboscideans formerly existed in which this peculiar 
succession from behind was to be found, at the same time 

(^) Isolated plate ( = exaggerated cusp) of an Elephant’s tooth, prior to 
its coalescente with neighbouring plates ; at the top are seen its terminal 
mammllIatc(F processes, one of which has been cut off to show the central 
area of dentine, surroundecl, by enamel ; at the base would be the open 
pulp cavity, not shown in the figure. 
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that the ordinary vertical succession was not quite lost, and 
amongst these creatures (the mastodons) we are able to say 
with certainty which of the teeth are milk molars, which arc 
preinolars, and which are true molars. And mastodons pass 
by insensible gradations into the elephants, so that the line 
of demarcation between the two genera is an arbitrary one. 

]M[astodoii. — In the later Tertiary periods this genus, 
approximating in its dental and other characters to the' true 
elephant, was widely distributed over the world. The dental 
formula is not quite the same for all the genus, for in some 
(M. Americanus) no pre molars existed. 

.10 2 1 3 3 

1 — c — pm -- milk molars — in - 

10^2 33 

The upper incisors formed nearly straight tusks, seven or 
eight feet in length ; the lower incisors also grew out hori- 
zontally from tlic front of the jaw, but in some species the 
lower tusks arc rudimentary, are lost early, or are altogether 
absent, thus more nearly approaching to the condition met 
with in the elephant. 

The several molar teeth of the Mastodon increased in 
size from before backwards. The croAvns were built uj) of 
deep and strongly pronounced transverse ridges, of whveh 
the last molar had the largest number. The apic^ of the 
ridges, before being at all worn, were divided up into several 
blunt nipple-like (mastoid) processes, upon which the 
enamel was thick and dense, but the cement was thin, so 
that the interspaces of the j^rocesscs were not filled up level 
by the latter tissue, as in the elephant. 

Very definite roots were formed to the molars, the wear- 
ing down of the teeth being met by the worn teeth being 
shed off altogether from the front of the series, Avhilst new 
teeth were added to the back. Thus, just as in the elephant, 
the whole number of teeth were not in place at one time. 
Not more than three were in use ^t one time, and by the 
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time the last and largest molar was cut, there was but one 
tooth remaining in front of it, and even this was soon lost, 
the dentition being thus reduced to a single molar on each 
side. 

As the succession of the molars in the Mastodon affords 
a clue to the nature of the grinders of the elephant, it is 
necessary to add a few words about it. Some Mastodons 
had three milk molars, of which the last two were vertically 
displaced by preinolars, just as in most other mammals, 
but the first milk molar was not so replaced (Mastodon 
angustidens). There appear to have been Mastodons in 
which no vertical succession at all took place, in which 
there were no prcmolars, and others in which there was but 
one. 

No doubt can be entertained as to the homologies of the 
teeth, even in those Mastodons which are not known to 
have any vertical succession, because analogy with those 
other species in which the second and third molars, counted 
from the front, w^orc vertically displaced by nearly function- 
less premolars, tells us that the three front molars are milk 
molars. Now elephants develop six molar teeth on each side ; 
the elephant is in the same case, quoad its molars, as the 
Mastodon Ohioticus, which hjid no vertical succession, so that 
we thus know the elephant’s grinders to be — 

3 3 

dm - m 3 • 

Dr. Falconer mentions an elephant from the Sewalik Hills 
(E. pjanifrons), in which two rudimentary premolars, of no 
functional importance, actually existed, and so the determi- 
nation of the elephant’s working teeth as 

3 3 


rests not only upon analogy, but upon actual observation. 
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The Diuotherium, a large animal, not unlike the Sirenia 
in the character of its cranium, and which was probably of 
aquatic habits, was remarkable for possessing large tusks, by 
analogy known to be incisors, in its lower jaw, none being 
present in the upper jaw. The tusks projected downwards 
at right angles with the body of the jaw, and were curved 


Fig. 171 ('). 



backwards. The portion of the jaw about thic symphysis was 
deflected downwards, so as to afford an adequate implanta- 
tion for these anomalous tusks. 


The dentine of these tusks does not, 
characteristic ivory pattern. 


however^present the 


(*) 


Skull of DmotlieriuiDj'aftsr Owen. 
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The Dinctherium was as large as an elephant, and the 
downward pointing tusks were about 2 feet in length ; as, 
however, tusks of only half this length were found in some 
. jaws of identical dimensions and in other respects similar, it 
is believed that the male Dinotheriimi had larger tusks than 
the female. , The molar teeth, much like those of a tapir, 
need not detain us. 

0 0 2 3 

i-c-pm-m-- 

The succession was vertical, as in other mammals, and it 
3 

had dm~. 
o 

But the Diiiotherium, Mastodon, and Elephant present 
us with a very instructive scries of modifications in which 
we see how the excessively complex grinder of the Indian 
elephant was attained to by degrees. 

The molar of the Dinothorium resembles that of a tapir 
somewhat; it has not any very great exaggeration of its 
cusps, and does not deviate very widely from tlie form of 
many other mammalian teeth ; the premolars and molars all 
havo two ridges, with the exception of the last milk molar 
and thb first true molar, which have three. 

The tooth of Mastodon has its cusps or ridges more 
numerous and more pronounced, as is seen in the accom- 
panying figure. 

Other Mastodons have more numerous ridges upon the 
teelh, and the African elephant has as many as ten upon 
its last or largdr molar, although in it the ridges are in- 
dividually wide and strongly j^ronounced. 

In the Indian elephant the ridges or plates are still more 
numerous, tfie roots very inconspicuous, and the whole 
‘formed into a solid block by cementum. 

The gradual increase ii? complexity in the “ ridge formula ^ 
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(or number of ridges in each tooth), of the molars, is well 
seen in the following table, from Prof. Flower’s Hunterian 


Fig. I7r. (*). 



lecture (“Nature,” March 2, 1876) j it is a corrected table 
taken from Dr. Falconer’s “ Paleontological Memoirs.” 


I Dinotherium giganteum . 
i Mastodon (Trilophodon) americanus 
i ,, (Tetralophodoii) arvernensis 
„ (Pentalophodon) sivalensis 
Elephas (Stegodon) insignia . . 
„ (Loxodon) africanua * 

,, „ mcridionalis . . 

r,, (Euelephas) antiquua . 

‘ „ ' ' primigeniua . . 

I „ ., indicus 


Milk 


Trn(^ 

M.olai’s. 

Total. 

I. 

11 . 

Til. 

I. 

11. 

III. 


1 

2 

3 

3 

2 

2 

13 

1 

2 

3 

3 

3 

4 1 

IG 

2 

3 

4 

4 

4 

C i 

22 

3 

4 

f> 

5 

r> 

0 

28 

2 

5 

7 

7 

8 

10 

39 

3 

0 

7 

7 

8 

10 

41 

3 

(i 

8 

S 

0 

12 

46 

3 


10 

10 

12 

IG 

67 

4 

S 

12 

12 

l(i 

24 

76 

4 

8 

12 

12 

13 

24 

76 


Some variability exists in the number of ridges, especially 
when they are very numerous, but the above may be taken 
as averages : and some species intermediate in the “ ridge 
formiila ” have teen since discovered ; thus M. Pentelici and 
M. Andium bridge the distinction between Trilophodon and 
Tetralophoilon, and Elephas mclitensis comes between 
Loxodon ar^l Euelephas (Flower). 

(^) Molar tooth of an Asia tip Elephant, showing the transverse plates of 
dentine bordered by enamel. ‘ 
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It remains to describe, somewhat more in detail, the 
structure of an elephant's tooth, and this has been deferred 
till the last, because it can be the more easily understood 
when the manner of its origin has been mastered. In the 
Mastodon the molar consists of a crown with strong cusps 
standing apart, and with marked roots; in the African 
elephant that part which consists of cusps has become the 
greater bulk of the tooth, the roots are comparatively in- 
significant, and the interspaces of the cusps arc filled up wdth 
comentum. The molar of the Indian elci)hant consists of a 
larger number of yet more elongated and flattened cusps, so 
that the greater part of the tooth is made up of these 
flattened plates, fused together with cementnm, and so 
forming a strong and solid mass ; the roots arc compara- 
tively inconspicuous. Thus wc have a i)rocess of evolution 
going on exactly as in other Ungulata : the rooted and dis- 
tinctly cuspid tooth of the Mastodon has but little coronal 
cement, whilst as the cusps and ridges deepen, and the tooth 
becomes more of hypsodont type, at the same time that the 
ridges become more numerous, the coronal cement increases 
in quantity so as to fuse it into a solid block. 

When the tooth is a little ^vorn each plate consists of an 
area of dentine surrounded by enamel. The interspabes 
of the series of plates are wholly filled up by cementum ; 
the summits of each plate 'were originally mammillated, 
and divided up into more numerous blunt processes than 
the corresponding parts of the tooth of a Mastodon ; when 
the tooth comes into use the rounded tips are soon wqrn 
off, and the grinding surface of the tooth then counts of 
narrow transverse bands of dentine, surrounded enamel, 
and of cementum in their interspaces. The difeerence in 
hardness between these three tissues preserveJa constant 
rough surface, owing to their unequal rate of 'weer. In their ^ 
wild condition elephants eat trees with succulent juicy steilft, 
and oftentimes grass tom up by thd roots, from which they 
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roughly shake out the adherent earth. In confinement, the 
food containing less that is gritty, the teeth become polished 
by working against one another, but the rate of wear is insuf- 
ficient to keep their surfaces rough ; for tlie softer cementum 
does not get worn down in the interspaces of the plates of 
dentine and enamel, but remains on a level with them. 

The celebrated elephant “Jumbo” suffered from insufficient 
wear of his teeth, so that the earlier ones being insufficiently 
worn w^ere not got rid of at the proper time, and interfered 
with the normal development of their successors. * 

Great though the size of the Proboscideans be, they have 
some points of affinity with the Rodents in the great 
development of the incisors, the vacant interval between 
these and the molar teeth, and, as was pointed out l)y the 
late Professor Kollcston, the enamel of the elephant’s molar 
liaving, in its inner portions, a ])atterii produced by the 
decussation of the prisms, which is very similar to that 
described by my father as characteristic of all the Rodents 
save the Leporida) (Hares), and Hystricidic (Porcupines). 

There remain to be considered some of the strange forms 
of late years discovered in America, and of which the classi- 
fication is as yet provisional. 


A MTJL YPOD A ( l)I NOCEUATA). 

In the same region which yielded the toothed birds 
(P/ocene formations of Wyoming), the remains of many 
huge vnimals have been discovered, for which new orders 
have been ^proposed by Prof. Marsh (American Journal of 
Science a\.d Art, 1876), it being impossible to classify 

I '■* • j • 1 mi Tv* < 

were 


them und^ any existing order. The Dinocerata 

I creatures n^irly as large as elephants, and presenting some 
sort of resemblance to them in general form; they were 
remarkable for the relative smallness of their brains, which 
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could apparently have been drawn through the canal of the 
vertebral column. They present points of resemblance to 
the Perissodactyle Ungulata, and also to the Proboscidea, 
to which they were at first referred, though their affinities 
are rather with the former. 

'J^he dental formula was 

.01 ;3 

i — c — prm — ni — 

1 ^ 3 3 

Iii, Prof. Marshes words, “ The superior canines are long, 
decurved, trenchant tusks. They arc covered with enamel, 
and their fangs extend upwards into the base of the maxil- 
lary horn-core. There is some evidence that these tusks 
were smaller in the females. Behind the canines there is 
a moderate diastema. The molar teeth are very small. 
The crowns of the superior molars arc formed of two trans- 
verse crests, separated externally, and meeting at their 
inner extremity. The first true molar is smaller in this 
specimen than the two preceding premolars. The last 
upper molar is much the largest of the series. 

“The lower jaw in Dinoceras is as remarkable as the 
skull. Its most peculiar features are the posterior direction 
of the condyles, hitherto unknown in Ungulata, and a 
massive decurved process on each ramus extending down- 
ward and outward below the diastema. 

“ The position of the condyles was necessitated by the 
long upper tusks, as, with the ordinary ungulate articula- 
tion, the mouth could not have been fully opened. This 
low position of the condyle, but little above the line, of 
the teeth, is a noteworthy character. The long ^ndant 
processes were apparently to protect the tusks, w /fich other- 
wise w’ould be very liable to be broken. Iiijlications of 
similar processes are seen in Smilodon and othc^ Carnivores 
with long upper canines. With the exception^ of these pro* 
cesses the lower jaw of Dinoceras iff small and slender. Tlie 
symphysis is completely ossified. ' The six incisors were 
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contiguous, and all directed well forward. Just behind 
these, and not separated from them, were the small canines, 
which had a similar direction. The crowns of the large 
molars have transverse crests, and the last of the series is 
the largest.” 

It would appear possible that the eminences shown in the 
figure, and spoken of as “ maxillary horn-cores,” may be 


Fio. 176 C). 



merely, the extended sockets of the teeth, which would 
otherwise^*ave had an implantation inadequate to their 
length ; thVy arc, however, described as solid, except at 
their bases,^here they are perforated for the fang of the 
«canine tusk,prhich would look as though they were truly 

(^) Upper and lojer jaws of Dinoceras (Marsh). 


DINOCERATA 


415 


honi-cores ; moreover the Brontotheridro had hom-cores 
equally peculiar in position on the maxillary bones). 

Tinoceras, another genus, had a very longer and slender 
canine, also protected when the mouth was closed by a 
downward prolongation of the lower jaw as in Dinoceras. 

Another extraordinary creature discovered by Marsh is 
Protoceras. It appeal’s, according to Osborn and Wortman, 
to have affinities with the Pecora and Tragulina. 

It had no upper incisors, but was possessed of large tri- 
hedriil canines in the upper jaw ; the lower incisors and 
canines ranged together as in ruminants, and were of spatula- 
like shape ; the molar teeth were Selenodont and Brachy- 
dont. 

The female was possessed of canines, but they were only 
half the size of those of the male, and the skull of the 
female was smooth, though that of the male fairly bristled 
with ten bony prominences, upon which, however, there 
appear not to have been any true horns. 


Toxodontia. 


The existing Ungulate animals form only a small propor- 
tion of those once peopling the earth, and many extijjct 
forms have been discovered, which while forming Affinities 
with the Ungulata, can yet hardly be classified under any 
existing order. For example, Toxodon, a creature equal- 
ling the Hippopotamus in size, which was discovered by 3klr. 
Darwin in late Tertiary deposits of South America, has a 
dentition recalling in some respects the Bnita, in others the 
Eodents. 

Its dental formula was 


. 2 
1 — 
2 


0 4 
c — p — 

1 ^3 



the median pair of upper incisors being smal?, the 
exceedingly large, with persistent ^ulps, and long curved 
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sockets extending back to the region of the molars, just as 
in existing Rodents. 

In the lower jaw there were three pairs of incisors, sub- 
equal in size, and growing from persistent pulps ; they 
resemble the incisors of Rodents in having a partial invest- 
ment with enamel, but differ from them in being prismatic 
in section, and in having the enamel disposed on two sides 
of the prism. 

The molars were also very remarkable ; they grew from 
persistent pulps and had curved sockets, but the curvature 
of these was in the reverse direction to that which obtains 
in Rodents, i.e., the convexity was outwards, and the apices 
of their roots almost met in the middle line of the palate ; it 
was this peculiarity that suggested the name. 

Another peculiarity in the molar teeth, in which they 
stand quite alone, is that, like the incisors, they have a 
partial investment with enamel ; those referred to the pre- 
molar series having it confined to their outer surfaces, 
while the three back teeth of the molar scries had a plate 
also laid on to their inner surfaces ; there were seven back 
teeth above, and six below. 

In the interval betAveen the incisor and molar series 
canines have been found in the low’er jaw ; they were sharp- 
edged, and had a partial distribution of enamel over their 
surface. In an upper jaAv alveoli for canines were found, but 
the teeth themselves are not known. 

Another animal from the same locality (Mesotherium) had 
somewhat similar characters, though it wnis not nearly so 
large : it had 


.10 2 3 

.-c-pmrm-, 


the incisoi^i (of persistent growth) standing apart from the 
_jgremolar apd molar series just as in the Rodents. 
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TII.LODOXTIA. 

This, yet another new order, comprising several genera, 
has been proposed by Prof. Marsh to receive some Wyoming 
fossil remains, which, though not amongst the biggest, 
are “ amongst the most remarkable yet discovered in 
American strata, and seem to combine characters of 
several distinct groups : viz.. Garni voi-a, Ungulata, and 
liodentia.” In Tillotherium (Marsh), the type of the order, 
the skull lias the same general form as in the bear, but in 


Fig. 177 (V). 



its structure resembles that of the Ungulata. Its molar 
teeth are of the Ungulate type, the canines are small, and 
in each jaw there is a pair of large scalpriform incisors, faced 
with enamel and growing from pemistent pulps, as in the 
Kodents. The second pair of incisors are small, and have 
not persistent pulps. The adult dentition is as foJiKS^ — 

.21 ;3 3 

1 — c — prm — m — 

1^23 

“ There are two distinct families, TUlotherilcie (perj^rvn?^ 
(’) Upper and lower jaws of Til]fi||theriiim (Marsh). 
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identical with Aiichippodontidca), in which the large incisors 
grew from persistent pulps, while the molars had roots ; 
and the Stylinodontid(e, in which all the teeth have persis- 
tent pulps.” 

One genus (Dryptodon), known only by the lower jaw, had 
six teeth, described as “clearly incisors,” the two inner 
pairs of w'hich are small and cylindrical, the outer of 
enormous size, faced in front only with enamel, and wdth 
persistent pulps carried back under the prcmolars. 

Whilst Prof. Flow’d’ endorses Prof. Marsh's view" that 
Tillodonts have Ungulate affinities and resemblances to 
Rodents also, this is disputed by Mr. Dali (Amor. Syst. 
Dental Surgery, Art. Teeth of Vertebrates), who says that 
he fails to discover any traces of Ungulate relationship, and 
he prefers to refer them to those generalised forms with 
Insectivorous affinities wdiich Prof. Cope groups sis Runo- 
theria. The adaptive character of incisors faced with enamel 
and of persistent grow’tli he would appear to consider as not 
going far towards establishing more than a superficial resem- 
blance to Kodentia. 

The pattern of its molar teeth is closely similar to that 
of Esthonyx (Cope), an Eocene mammal with a dentition 
resembling that of a gigantic Shrew\ 



CHAPTER XVIII. 


THE TEETH OP RODENTtA. 

The animals belonging to this order, which is sharply 
defined, are scattered almost all over the world ; the island 
of Madagascar is, however, remarkable for being almost 
without indigenous Rodents, as is the case also with Aus- 
tralia, two fixets which are of no small interest to the 
student of odontology. 

For in each of these areas, out of the creatures which 
are there (in the one Lemurs, in the other Marsupials), 
there has arisen a form so modified as to mimic and take 
the place of the true Rodents, viz., the Cheiromys in Mada- 
gascar, and the Wombat in Australia. 

The species of Rodents are exceedingly numerous, and 
the great majority of tliem are of small size j the aquatje 
Capybara is far the largest of recent Rodents. • • 

An average Rodent dentition would be — 

.10 1 0 3 

1 — c — pm — or — m — ; 

10^1 03 ^ 


es extremes the Hare has — 


and Hydromys — 


.2 0 3 3 

1 — c _ pm — m — , 
10^2 3 ’ 


. 1 0 () 2 
1 — c — pm — m 
I 0 0 





In general features the dentiti^kns of the numerous 
species comprising this order are vei y uniform ; the incisors 

E E 2 
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(save in the hares and rabbits, in which there is an acces- 
sory small pair immediately behind the large ones), are 
reduced to four in number, are of very large size, and grow 
from persistent pulps. The jaws for some little distance 
behind the incisors are devoid of teeth, while beyond tht* 
interval the back teeth, generally not more than four in 
number, are arranged in lines which diverge slightly as they 
pass backward. Tiie large scalpriforin, or chisel-like incisors, 
extend far back into the jaw-s, and are much curved, the 

Fk;. 178 (h. 



upper incisors, in the words of Professor Uwen, forming a 
larger segment (3f a smaller circle than the lower, which are 
less curved. The length and curvature of these incistws 
relieve from direct pressure their growing pulps, which 
come to be situated far back in the jaw, the open end of the 
lower incisor, for example, being in many species actually 
behind the last of the molar teeth. The nerve going to 
supply the persistent pulps is of very large size, and, owing 
to the%yen end of the tooth having formerly occupied a 
more antd‘*ior position in the jaw, runs forw.ard beneath the 
tooth, anJ then bends abruptly backw'ards to reach the 
tooth-pulp. In many Rodents the enamel of the front of 
{ 

(^) Side view of skull of Rodent, giving a general idea of the denti- 
tion of the order. 
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the large incisors is stained of a deep orange colour ; this 
colour is situated in the substance of the enamel itself. 

'IMie scalpriforni incisors terminate by cutting edges, the 
sharpness of which is constantly maintiiincd by the peculiar 
disposition of the tissues of the tooth. 

'I’he investment of enamel, instead of being* continued 
round the whole circumference of the tooth, is confined to 
its anterior and lateral surfaces, on the former of which it is 
thickest. 

I t*is, however, stated that the enamel organ is continued 
round the roots, so that the connective tissue bundles by 
which attachment to the ccmcntum is made, have to grow 
through it to take their hold. (v. Brunn.) 

It is said by Hilgeiidortf (Berlin Akad. d. AViss. Monats- 
bericht, 1865), that the incisors of hares differ from those oi 
all other Rodents in having enamel all round them, although 
ic is very thin at the back. I have not been able to satisfy 
myself that the thin clear layer at the back of the tooth is 
enamel, and am disposed to regard it as cementum, the more 
so as it seems to bo continued a little way upon the enamel, 
and in very young teeth the large cells of the enamel organ 
are confined to the anterior surface (’). 

When a Rodent incisor has been exposed to wear, .the 
anterior layer of enamel is left projecting beyond* the level 
of the dentine, and this arrangement results in a very shar 2 > 
edge being constantly maintained. The dentine also is 
harder near to the front of the tooth than towards the back 
of the tooth. It is said that no enamel was ever present on 
the tip of the incisor. * 

A thin external coat of cement is found upon Aiib back 
of the tooth, but is not continued far over the/face of the 
enamel. But in the Marsupial wombat this layei/of cement is 
continued over the whole anterior surface of the scalpriform 
incisors. I , . ■ 

(^) Of. E. 0. hetts, Trans. Odontol|gical Society, May, 1^84. 
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The grinding teeth arc not very numerous ; the mouse 

3 

fiimily have usually ^ ; the porcupines have constantly 
4 0 

and the hares ; the Australian >vater-rat (Hy- 

dromys) is altogether exceptional in liaving so few as 

Observation has established that the last three of these 
teeth are always true molars, and that when there are more 
than three, the rest are preniolai'S, and have had deci(?uous 
predecessors. 

But the extent to which the milk teeth are developed 
varies much. Mr. Waterhouse (Nat. Hist, of Mammalia — 
Uodeiits, p. 4), has found the milk molar still in place in 
the skull of a half-grown beaver ; while in the hares they 
are shod about tlie eighteenth day after birth, and in the 
guinea-pig disappear before birth. Deciduous incisors have 
not been found in any of tlic group, save in the hares and 
rabbits. 

In the hares and rabbits there are four incisors in the 
upper jaw, a small and apparently functionless pair being- 
placed close behind the large rodent incisors ; but in very 
young specimens there are six incisors, of which the one 
pair are swon lost. 

Prof. Huxley (Nature, vol. 23, p. 228) has recently written 
that “ the deciduous molars and the posterior deciduous 
upper incisors of the rabbit have been long known. But I 
have recently found that unborn rabbits possess, in addition, 
twG anterior upper and two lower deciduous incisors. Both 
are siH^Je conioal teeth, the sacs of which are merely em- 
bedded iirUhe gum. The upper is not more than one- 
hundredth an inch long, the Ibw^cr rather larger. It W'ould 
be intercstinjj to examine foetal guinea-pigs in relation to this 
Upin^ at pre^sent they are known to possess only the hind- 
m^t deciduous molars, st{ far agreeing w ith the Marsupials.’’ 
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Hares and rabbits have six milk molars in the upper and 
four in the lower jaw, which come into use, but differ from 
their successors in forming definite roots, and not growing 
from persistent pulps. 

Other Rodents, such as the rat, which has only three 
teeth of the molar series on each side, and the Australian 
water-rat (Hydromys) have no known milk teeth, and are 
hence perhaps truly Monophyodont. 

More diversity exists in the premolar and molar teeth ; 
in RAdents of mixed diet, such as the common rat, the back 
teeth arc coated over the crown wdth enamel, which nowhere 
forms deep folds, and have distinct roots, are not of 

Fio. 179 (*). 



persistent growth ; the molars of the rat have some sort of 
resemblance to minute human molars. In aged specimens 
the enamel is consccpiently worn off tlie grinding surface of 
the crown, which comes to be an area of dentine, surrounded 
by a ring of enamel. ' ^ \ • 

But in those whose food is of a more refractory nature, 
the molars, like the incisors, grow from persistent pulps (as 
is exemplified in the Capybara here figured), and their 
working surfaces are kept constantly rough by the enamel 
dipping in deeply from the side of the tooth, as may alsot be 
seen in the common water-rat. The inflection of enamel 
may be so deep as to divide the areas of dentine jompletely 
up, the result being a tooth like that of the Cap;Jbara, which 
is composed of a series of plates of dentine, or denticles,” 

(‘) Molar of Capybara, showing the tninsversc plates |o£ dentipe 
enamel united to one another by 'ccmentuinj 
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surrounded by layers of enamel, and all fused together by 
the cementum. The result of this disposition of the struc- 
tures is that the working surface is made up of enamel, 
dentine, and cementum, three tissues of dittcrent hardness, 
which will consequently wear down at different rates, and 


Fig. 180 (M. 




SO maintain its roughness. Various intermediate forms of 
the molar teeth are met with; thus, there are some in 
which complexity of the surface is maintained by folds of 
enamel dipping in for a little distance, but Avliich neverthe- 
lesSli after a time form roots and cease to grow. When the 
molar •S^h grmv from persistent pulps, they arc always 
curved, likfc the incisors, with the effect of relieving their 
pulps from Ylirect pressure during mastication ; and the last 
remains of xhe pulps are converted into secondary or osteo- 

6ondylc sJad glenoid cavy,y of the Capybara, showing their longitu- 
dinal direction. 
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dentine, which thus forms the centnil axis of the incisors, or 
molars, as the case may be. In this tissue vascular tracts 
sometimes exist, but it is altogether small in amount, the 
formation of true dentine going on till the pulp at that 
particular point is almost obliterated. 

As has already been mentioned, when the molar series 
consists of more than three teeth, those anterior to the 


Fir.. 181 p). 





three true molars are premolars, which have displaced milk 
teeth; but they do not differ materially in size or form from 
tlie true molars. 


The form of the condyle and of the glenoid cavity in 
Rodents are characteristic ; they are much elongated in an 
antero-posterior direction, so that the range of backward 
and forward motion, made use of in gnawing, is very edn- 
siderable. The Leporida> are exceptional in liavivg more 
lateral play than most Rodents. And the pov/er of the 
teeth is marvellous ; rats wdll sometimes gnaw holes in 
water-pipes, or in gas-pipes, in which they have heard 
water bubbling. . v 
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The general character of a Rodent’s dentition may be 
illustrated by a description of that of the Capybara. 

The incisor teeth arc squarish. They are wider than 
they are deep, and are ' slightly grooved on their anterior 
surface. 

There are four grinding teeth on each side, of which the 
tii*st three are small, and with few cross plates of dentine 
and enamel, but the fourth is a very complex tooth, with 
twelve or more such plates, which are fused into a solid 
mass by cementum. ** 

This tooth being one of persistent growth, there is no 
common pulp cavity, but each plate has its own. 

It has already been mentioned (page 154) that the den- 
tinal tubes at that part of the Rodent’s incisor which has 
come into use are much smaller than those near to its 
glowing base, thereby proving that they have undergone a 
diminution in calibre at a time subsequent to their original 
formation. Near to the surface actually in wear they 
become cut off from the pulp cavity by the conversion of 
what remains of the pulp into a laminated granular mass, 
so that the dentine exposed on the surface of a Rodent’s 
tooth must be devoid of sensitiveness, and the contents of 
thp dentinal tubes must have presumably undergone some 
chang6. ' Rut what the nature of the change in the contents 
of dentinal tubes which have ceased to be in continuity with 
a vascular living pulp may be, there are, so far as I know, 
no observations to indicate. 

As Avas shown by my father (Phil. Trans. 1850), the 
enamel of Rodents is peculiar, and some little diversity in 
the artnngemeilt of the prisms exists in different families 
of the ord^r, their character being in many cases so marked, 
that it is often possible to correctly refer a tooth to a par- 
ticular faiAily of Rodents after simple inspection of its 
^anipl. ^ 

In general terms it imay be said that the enamel is 
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divided into two portions, an outer and an inner portion 
(this is true of all save the hares and rabbits), and that the 
enamel prisms pursue different courses in these two 
portions. 

Thus, in the enamel of the beaver, in the inner half, 
nearest to tlie dentine, the prisms of contiguous layers, as 
seen in an oblique transverse section, cross each other at 
right angles, whereas in the outer portion they dre fill 
parallel \yith one another, presenting, Iiowever, the pccu- 
•• 



liarity of not running straight on to the surface at right 
angles to it, but inclining to the iiikhlle line of the skull. 

Ill the genera Sciurus, Ptcromys, Tamias, and .Spermo- 
philus the enamel fibres, as seen in longitudinal section, 
start from the dentine at right angles to its surfiice; in 
Castor they incline upwards at an angle of 60®, but preserve 
the distinction between the outer and inner layers very 
<listinctly. • 

In the Murida) the decussation of the layers in the inner 
part, and their parallelism in the outer part of the enamel 
are filso found, but in addition to this the borders of the 


(0 Transverae oblique section of an incisor of a Beaver ^Castor fiber). 
The enamel prisms of superimposed layers cross each other at right angler 
in the inner portion of the enamel, but all \ become parallel in the outer. 
For fuller description of this figure, see p. 153^. 
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individual prisms arc slightly serrated, the serrations of 
contiguous fibres interlocking. 

In the porcupine sub-order the fibres of the inner portion 
of the enamel pursue a serpentine course, nevertheless 
si lowing indications of a division into layers; they become 
parallel in the outer portions as in other liodents. Small 
interspaces arc found amongst the enamel fibres of the 
porcupines. 

In the hares (Leporidm) the lamelliform arrangement, 
and the division into outer and inner layers, alike dis- 
appcai'. 

The peculiarities in the disposition of the enamel fibres, 
which are so marked in the incisors, do not generally exist 
in the molars of the same species, except wlien these are of 
continuous growth. 

Many minor differences in the arrangement of the enamel 
prisms exist, for a descriirtion of which I must refer the 
reader to the original paper, but in general terms it may be 
said that the “ enamel lamellaj have a different and distinc- 
tive cliaracter in each of the larger groups, and that the 
variety of structure is constant throughout the members of 
the same group ; we may take, for example, the Sciurida*, 
tiro Muridaj, and the Hystricidie, in each of which the 
structure of the enamel is different ; and in each is highly 
distinctive.” And further, tliat the varieties in the struc- 
ture of the dental tissue, so far as they arc known, with a 
few isolated exceptions, justify and accord with the classifi- 
cation of the members of the order usually given. 



CHAPTER XIX. 


rilK TEKTIl OF INSECTIVORA AM) CMIROPTERA. 

Tirto Tiiscctivora form rather a heterogeneous orilcr of 
Alannnals, and embrace very various forms. All of them 
are of rather small size, and some are very small indeed. 
Their diet consists for the most part of insects, and their 
teeth are generally adapted for this by being furnished with 
many points. The best known animals in the order are 
the Hedgehogs, the Shrews, the Moles, and the Macroscelidfe 
(Elephant mice) ; to these is to be added the Galeopithecus, 
or Plying liemur.” Inscctivora are more abundant in 
Africa, Asia, and South America than in Europe. The 
Shrews approximate in some measure towards the Kodents, 
and the Tupaia is very lemuriiie in its characters. 

They all have small brains and long faces. The Insec- 
tivora arc ancient and in some respects rather geiicraliijcd 
mammals, so that they may be supposed not'td liave 
diverged so far from the parent forms as other mammalia. 
Prof, (.^ope has described a good many genera which liave 
been found in American Eocene Strata, and some of these, 
Mesonyx, had teeth differentiated into incisors, large 
canines, premolars and molars, but these last two were* of 
simple form, being in the lower jaw codes, with slight 
anterior and posterior cusps added by elevations of the 
cingulum. 

The upper molars had crowuis which were rendered 
triangular (tritubercular) upon the grinding sufface l^y the 
development of an internal cusp. • 
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Its dental formula was — 

.31 43 

I _ c — pm — m — 

2 14 3 

Of the teeth of Insectivora generally it maj" be said that 
it would not be difticiilt to imagine how the teeth of all 
other Diphyodont Mammals might be evolved from them, 
whilst Prof. Cope (Proc. Acad. Nat. Sc. Philadelphia, 1883, 
and jiassim ; see also 1). AVortmau, Amcric. System Dental 
Surgeiy, Teeth of Vertobrata) gives, an admirable series of 
extinct genera in which the molar patterns become more 
complex, and a])proximato on the one hand to the sectorial 
teeth of Carnivora, and on the other to the l)ristling cusps 
of modern Insectivora. 

In recent Insectivora the canines are often not sharply 
differentiated from the incisors, and som'etimes a tooth of 
the premolar group is differentiated to serve as a canine, 
but as this does not occur in the earlier Insectivora it is 
evidently a feature acquired subsccpiently. 

Caleopitheciis stands alone : it was formerly, and is 
indeed sometimes even now, placed with tlic Lemurs ; but 
it has much more in common with Insectivora. The teeth 
are somewhat anomalous, the lower incisors being divided 
by*a number of vertical divisions running down through a 
great part of the length of the crowns, so that they can be 
compared to combs, or to hands with the fingers slightly 
separated. AVhat the purpose served by these comb-like 
teeth may be remains uncertain : no other animal has 
similar teeth. Galeopithecus has a well-developed milk denti 
tion, the milk teeth being very similar to their successors. 

The dental formula is — 

.21 23 

and the secopd upper incisor and the canine are two-rooted. 

Excluding Galeopithecus, the others may be divided into two 
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groupa by the patterns of the molars ; the majority present 
a W-pattern (Tupaia, Macroscelis, Erinaceus, Sorex, Talpa), 
whilst the other group have narrower molars with a V-pat- 
tern (I*otamogale, Ccntetcs, Chrysochloris). 

The V-shaped tooth, having the early generalised tri- 
tubercular form, occurs in the Insectivora of Africa, 
Madagascar, and the West Indies only ; it is prol)able that 

Fig. 183 0). 



these are the more generalised types, and that those with 
the W-shaped molars are the more specialised forms. 

The W-pattern met with in the molars of Insectivora is 
well exemplified in the molar of Urotrichus. 

In this tooth, as has been clearly shown by Prof. Mivart 
(Osteology of Insectivora, Joiirn. of Anat., 1868), the four 
cusps of the typical teeth («, h, c, d) have been added to by the 
elevation of the cingulum into three or four external,* and one 
internal cusp, making up the total number to nine. Thus it 
is that the molars of this order often fairly bristle with cusps. 

In the Mole the number of cusps is diminished by the 
coalescence of 6 and d into a ridge, and the disappearance of 
the inner cusp of the cingulum, while the simplification is 
carried yet further in the Cape Mole (c in Fig. 183). 

(') Upper molar teeth of (A) Urotrichus: (B) Mole; and (C) Ghiyso- 
cbloris. The four principal cusps are lettered a, 6, r, d, in each of the 
figures. In A the cingulum has been elevated so as to form four additional 
cusps on the exterior of the tooth, and one ucMitionul cusp mi the ii\^rior. 
B and G show the fusion of certain of tiiei^e cusps, and the consequent 
diminution of their number. (From Mivart,,) 
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Tlie common Hedgehog (ISrinaceiia) usually has had the 
following dental formula assigned to it — 


or, 


0 4 

0 c -- pm — m 

2 0 ^ :i 

1 3 


c _ c — pm — m 
2 1^2 


3 

3 ^ 


3 


But soYoral dental formuhe liave been assigned to it, 
which is not to be wondered at if the researches of Lcclie 
(which seem conclusive), be accepted, as he has found that 
the adult dentition consists of persistent milk teeth mixed 
up with others really belonging to the second or replacing 
series. 

According to keelie (Morph. Jahrbucli, 1892), who has 
investigated its teeth by means of serial sections, no less 
than two teeth in the upper jaw”, and three in the lower, 
belong to the milk series, and he w^ould therefore write 
the dental f(n*mula) of the adult, thus — 

i, i._. (li;. c 0 . dnu pnij pm 4 m, nio nrj 
i.j di;{ dc o. o. dnig pni 4 in, m^ m.. 


It may be noted that ho, with Mivart and others, calls 
the first tooth in the nu xilla a canine instead of a premolar. 
Thus,/)f^the milk teeth according to him — 


di, 

(lio dc 


■ persist, 

dills 


and the only true replacing teeth are — 
i, pin^ 

C 

This is the most extreme example as yet known of the 
mixture of teeth of the tw’o sets in an adult dentition. The 
old lettering has been retained in the figure as embodying, 
pending confirmation of Leche’s observations, the usually- 
accepted vidw. 
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In the upper jaw there is a wide interval between the 
first pair of incisors, which are much the largest, and are 
caniniform in shape. The next two teeth (incisors) are 
quite small, and resemble premohirs in their form. The 
fourth tooth lias two roots, and a crown with one cusp, and 
is also like the premolars behind it. This tooth, the root 
of which shows indications of division, is sometimes called 
a canine ; behind this come two small premolars, of which 
Leche says that the front one is a persistent milk tooth. 

ThiJ fourth upper premolar is totally different in size and 
form from the third : its crown is large, squarish, and 
furnished with four cusps, of w hich the antero-external one 
is far the longest and sharpest. 

The first upper true molar has a s([iiare crown, upon 
which are four sharp cusps : it is implanted by four roots. 
The second true molar is also square, quadricuspid, and has 
four roots ; but it is much smaller than the first, while the 


NaVSize 1 


third upper true molar is quite a small, compressed, doublt- 
rooted tooth, with a thin-edged crown. 

(^) Upper and lower teeth of the Herlgehog. The lettering of the pre- 
molars does not correspond with the views given in the text, but is pro- 
visionally retained pending the acceptance of these views (lettered pm). 
The 6rat upper tooth in the maxilla is much smaller than it should be ; 
probably the specimen from which the figure wiis drawn was )mmatuiie, and 
the milk canine may not have been yet replaced by its larger successor. 

F F 
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In the lower jaw the first incisors, really the second of 
the typical mammalian dentition, less Avidcly separated than 
the upper, are also the largest ; then follows another tooth 
termed incisor, on account of its relation to the upper 
incisors w'hen the mouth is closed, said to be a persistent 
milk tooth. The third tooth is much larger, and of peculiar 
form, said also to be a milk tooth. The fourth tooth from 
the fr6nt is a small single tooth, like the third, but upon a 
smaller scale, also perhaps a milk-tooth. Next behind it 
comes a tooth Avhich is ver}^ much larger, and its brown 
carries two principal cusps with a small subsidiary cusp, 
which is certainly a true premolar. Tlie next tooth (first 
true molar) has an oblong crown beset wi^h five sharp 
cusps, of which four are arranged at the corners of a square, 
while the fifth, obviously an elevation of. the cingulum, lies 
a little in front and towards the inside of the tooth. In 
the second true molar the fifth cusp is but little indicated, 
Avhile the last true molar is a dwarfed tooth Avith but one 
cusp. Leche further claims that the true molars belong to 
the milk series : this, as has been elsewhere alluded to, 
does not apply specially to the Hedgehog, as some modem 
observers claim the same thing of all true molars. Leche, hoAv- 
OAser, says that he has seen hints of successional tooth germs 
to the' inner side of those which form the functional molars. 

Bousseau formerly described the existence of twenty-four 


milk teeth, which he classified thus : (i dm y ) ; that is to 

say, all the teeth in front of the true molars had deciduous 
predecessors, but his grouping of them into incisors and 
molars is quite' arbitrary, and cannot be reconciled with 
Leche’s observations. 

The teeth of the Hedgehog fairly represent some of the 
features of Insectivorous dentitions, for the forcep-like in- 
cisori^ the Runted or non-developed canines, and the molars 
bristling with pointed cusps, are common to very many of 
the order. ' 
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The Shrews have numerous sharply-pointed teeth, the 
points interdigitating and fitting very closely together 
when the mouth is shut. There is no tooth either in the 
upper or lower jaw which is so elongated as to deserve the 
name of canine; but between the incisors and the true 
molars are several small teeth which, by analogy, are called 
premolars. The true molars are not very different in 
pattern from those of the mole (B in Fig. 183), and present 
the W-contour so common in the molars of Insectivora. 

Th*e most marked peculiarity in the dentition of the 
Shrews lies in the form of their incisors. The first upper 
incisor is always very large indeed ; it looks vertically 
downwards, is a little hooked, and has a notch, and a second 
low cusp behind the principal long pointed cusp. The tip 
of the lower incisor fits into this notch. The lower incisor 
is also very large ; it lies nearly horizontally, though the 
point is bent a little upwards. Along its upper edge there 
are, in most species, three or four small cusps, while its 
lower border is curiously prolonged outside the bone of the 
jaw, so as to in some measure encase this latter. The low’cr 
incisor is at least one-third as long as the whole alveolar 
border. The incisor teeth of the Shrew would appear to 
form a very efficient pair of pincers, with which to pjck Mp 
the minute creatures on which it feeds. Of the milk teeth 
of Shrews little is known : they arc said to be absorbed 
before birth, but accurate observations upon them are much 
needed, their very existence being doubtful. 

The dentition of the Mole (Talpa) has been the subject, of 
much controversy, the determination of its canines, &c., 
presenting such difficulty that no less than five different 
dental formulm have been assigned to it. 

In the front of the upper jaw’ come three small teeth, the 
first being somewhat the largest, which are w-ell within the 
limits of the intermaxillary bone, and arc doubtless ineisors. 
But the next tooth, whioh is veryjbig, also appears to be 

F F 2 



436 


.1 MANUAL OF DENTAL ANATOMY. 

implanted in the intermaxillary bone, the suture passing 
across its socket close to the back of its posterior root. 
According to its implantation it therefore would be an 
incisor (*) but it is very unlike an incisor, and it must be 
remembered that the connection of teeth with the bone is 
secondary ; and it is two-rooted, a thing anomalous either 
in an incisor or a canine, though found in the canine of 
(iymnura, which is beyond question in the maxillary bone. 

Next come three minute premolars, and a fourth, which 
is much smaller tlian the others: those all have Simple 


Fk;. 185 (2). 



crpwns, consisting of little more than single sh.arply-pointcd 
cusps.* 

The first two upper molars are large teeth bristling with 
cusps : the third is much reduced in size and simplified 

(^) The late Mr. Spence lljtte, in his valuable paper on the milk teetli 
o^the Mole, says, **This tooth is imi)lante(l within the limits of the pre- 
maxillary hones, the suture separating them from the maxillary passing 
through the posterior portion of the alveolus : t1i u» demmiatratwg that this 
deciduous tooth is the tme houiologue of that of the canine in the mam- 
malian ttfjie.'' Surely it would go to i)rovc the contrary, if accepted as 
evidence at all upon this point. 

(*) Upper and lower teeth of the common Mole. The functionless milk 
teeth Rafter ^ence bate) are placed above the permanent teeth which 
displace them. 
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in pattern. In the lower jaw the four front teeth are all 
small, but the fourth or outermost of these incisors is called 
by some writers the lower canine, because, when the teeth 
are closed, it passes in front of the upper caniniform tooth. 

Nevertheless the tooth which does the \vorkof a canine in 
the lower jaw is the fifth counting from the front : this is a 
two-rooted tooth, and conforms so closely with the throe 
teeth behind it in configuration, that it is obviously only 
one of these prcmolars (leveloj)ed to a greater length than 
the cithers. It closes hekind the caninilbrm upper tooth, so 
cannot on this ground be called a canine by those who 
attach importance to the term. 

The remaining three premolars are rather small and 
single rooted ; the true molars are of considerable size, and 
their points are very long and sharp. 

I have purposely avoided giving any dental formula for 
the Mole : everything turns upon the value wdiich we 
attach to the term canine ; and 1 have already given reasons 
for attaching but little homological importance to its 
determination. 

The late Mr. Spence Bate’s paper (Trans. Odontol. Society, 
1867), valuable as it is in contributing to our whole know- 
ledge of the milk dentition of the creature, docs not finally 
determine the homologies of the canine. 

In a Mole inches long he found eight milk teeth on 
each side of both upper and lower jaws, as is indicated in 
F’ig. 185. The milk incisors were about one- twentieth of 
an inch in length, and one two-hundredth in diameter, and 
were rudimentary in form, consisting of long thin cylindrical 
tubes surmounted by slightly expanded crowns. All the 
milk teeth were of this simple form, save only the last in 
each jaw, which presented crowns with two cusps, and had 
their roots to some little extent divided into two. 

At the time when these teeth are present tl||e intermaxil- 
lary suture is very distinct, and there is no cloubt that the 
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fourth upper milk tooth, the predecessor of the caniniform 
tooth, is in the intermaxillary bone. 

The teeth had not fairly cut the gum, and the advanced 
state of the permanent teeth beneath them make it doubtful 
whether they ever do become erupted. At all events, they 
can be of no use. 

In many of the order Insectivora the milk dentition is 
unknown, but we have exemplified amongst them every 
grade of completeness in its development. Thus in the 
Hedgehog and Centetes (an allied animal from Madagascar) 
the milk dentition is tolerably complete, while in the 
Shrews it has all but, or quite, disappeared. 

The teeth of Insectivora are remarkable for the thickness 
of their enamel, which in the Shrews is to some extent 
penetrated by the dentinal tubes. The enamel is deeply 
coloured in some Shrews, the pigment being actually in the 
substance of the enamel, and not in any distinct layer. 


THE TEETH OF CHIROPTERA. 

The Bats, sharply distinguished from all other mammals 
by* the, possession of wings, are divided into two groups, 
respectively insectivorous and frugivorous. 

The insectivorous Bats, by far the most numerous section, 
are for the most part possessed of small incisors, rather 
largo canines, and premolar and molar teeth which bristle 
wkh sharp cusps, and generally present the W-pattern. In 
fact, in general character, their teeth resemble those of the 
Insectivora, but the dental formula never exceeds — 



The incisop are sometimes reduced in number, and spaces 
left between .them ; and some, as for example, the Vampire 
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(Desmodus), have teeth specially modified to accord with 
their blood-sucking habits. 

This Bat has only one permanent incisor on each side, 
and this is a large but thin and sharp-edged tooth, with 
which the wound is made : the .lower incisors are small 


Fio. 186 (1). 



teeth with feebly notched edges. The canines are large, 
and the molar series, which is not required in an animal 
existing upon blood, is stunted. The molar teeth are, how- 
ever, sharp, though small, and there is no marked distinction 
into molars and prcmolars : the dental formula is — • 

.11 2 0 1 
i-CyPtn^m-orT. 


The frugivorous bats (of which the Pteropus, or flying 
fox, is an example) have much larger muzzles, and the 
molar teeth are sot with intervals between them. * 

2 1 2 3 

The dental formula is i — c — pm — m*— , but in some 
21 ^ 33 ’ 

the molar series is /educed below this number. 

The incisors are small, and the canines rather large. 

Both molars and premolars are of somewhat simple 

(') Skull of Desmodus, showing milk teeX 
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form, being long, and compressed from side to side. The 
outer borders of the crown of the molars are elevated into 
distinct but not exceedingly sharp cusps, which become 
worn down by use. 

The insectivorous cliaracter of the presence of many 
sharp cusps upon tlie teeth is not to be found in any of the 
frugivorous bats. All tlie Ptcropi liavo deciduous canines, 
and four deciduous molars, of simple pointed form, but the 
number of deciduous incisors is very variable. 

The milk dentition of bats has been very carefulljr and 
thoroughly investigated by Lcche (Lund’s Universit. Ars- 
skrift, tom. XII. and XIV., 1878), and at the present the 
Megadermata are the only family in which the milk teeth 
are unknown. The milk teeth are not of much functional 
importance, as they are shed soon after, if not absorbed 
before, birtli, and they are not tlierefore implanted in ve]y 
definite sockets. 

In their slight cylindrical elongated I’oots, surmounted by 
expanded crowns, these milk teeth often recall those of the 
Mole. 

Sometimes the milk teeth arc to be found even after the 
permanent teeth are in sltn; in other instances, as for 
example the deciduous molars of Molossus, they never cut 
the gum. The milk dentition of the Vampire (J)esmodus) (*) 
appears to consist of incisors only, or of incisors and 
canines ; though the absence of observed molars may be due 
to the fact that they are, as in Molossus, shed very early. 

It has, near to the front of the upi)er jaw, six teeth, each 
of which is very long and slender, and has a strongly liooked 
point: it has Seen suggested that these feeble hooked 
teeth may assist it in holding on to the mother. 

(^) In a skull of Desinodus, in the possession of Mr. 11. F. Tomes, the 
tliird lyilk tooth appears to correspond in position to the permanent 
canine ; the satie is the case in the specimen figured by Messrs. (lervais 
and Castelmain ^Exped. dans Iqs part. cent. d'Aiiierique du Sud). 
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In general terms it may be said that the milk teeth of 
the majority of Chiroptera do not at all resemble tlieir 
permanent successors. 

An anomalous dentition has been found in a Solomon 
Island Bat, in which the cairines, whilst having a long 
principal cusp, arc rendered multi-tubcrculate by other 
cusps at their base, this pattern being more or less repeated 
in the other teeth. (Oldfield Thomas, Proc. Zool. Society, 
1889.) This seems to indicate tliat the fruit-eating bats 
are dJsccnded from Insectivorous forms. 


TUE TEETH OF t'AIlNTVORA. 

The aninuds grouped together under the name of Carni- 
vora are divided into two sections, the Acjuatic and the 
Terrestrial Carnivora. 

The terrestrial Carnivora were formerly classed as “ digitigrade ” 
and “ plantigrade,” a classification exceedingly inconvenient, as it 
left the greater number of the animals to be classified in the de- 
bateable ground between the two extreme types. As a linear 
classification is impossible, they are now grouped around three 
centres : the Giluroidea, or cat-like ; the Cynoidea, or dog-like ; 
and the Arctoidea, or bear-like Carnivora ; and, instead of taking 
the Felidaj, or Cats, as the type of the group, it is generally con- 
sidered that the Dog tribe are the most generalised form, and that 
the Cats are an extreme modification in one direction, the Bears in 
another. 

The Cynoidea comprise the Dog, and its immediate allies, the 
Wolves and Foxes. 

The QSluroidea or Cat-like Carnivora, comprise the ViverridtOJ 
(Civets), Hyajnas, and Cats. 

The Arctoidea, or Bear-like Carnivora, comprise the Mustelid® 
(Weasels), Procyonida3 (Racoons), and the true Bears. 

This arrangement is a very convenient one, so far as recent 
Carnivora go, but it breaks down when the extinct forms ai'e included, 
the Arctoidea having perhaps been derived, some from the Canidse, 
others from the Viverridac. 

The order Carnivora is a very natural one, and its jhame is, upon 
the whole, fairly deseriptive of the habits of the viajority of its 
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members : though there axe some creatures included in it which are 
mixed feeders, and others which are purely vegetarian. 

In carnivorous animals one tooth on each side of both 
upper and lower jaws is of considerable length, is sharply 
pointed, and is called a canine ; the upper canine is sepa- 
rated by an interval from the incisors, the lower canine 
being received into the vacant space or “diastema^’ so 
formed. 

The incisors are short, almost always six in number, and 
stand nearly in a straight line, transversely across the front 

Fro. 187 (*). 



o^ thoi jaw, the outermost upper incisor being sometimes 
large and pointed so as to be like a small canine. 

The incisors and canines may, on the whole, be said to bo 
tolerably uniform throughout the order, but the variations 
in the premolar and molar teeth are both numerous and 
interesting. 

In the most, purely carnivorous members of the order, 
the Felida), the true molars are reduced to a minimum, and 
the back teeth are thin edged, “sectorial” teeth; in the 
Bears, on the other hand, some of which arc purely herbi- 

(^) Side vier of the cranium of a Tiger, with the mouth slightly opened 
to show the refitive position 6f the great canines. 
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vorous, the molars are little short of a full typical mam- 
malian number, and are furnished with obtuse and broad 
grinding surfaces. 

The accompanying figure will serve to give the general 
aspect of the teeth and jaws of a typically carnivorous 
animal, and to show the great development of the pro- 
cesses for the attachment of muscles, and the stout wide 
arch of the zygoma. 

To a particular tooth in the upper jaw, and to its antago- 
nist lA the lower jaw, Cuvier gave the name of “carnassial;” 
these, conspicuous in the true flesh-feeders, become less 
differentiated in the Arctoidea or bear-like Carnivora, and 
in the bears themselves are indistinguishable from the other 
teeth, save by a determination of their homologies by a 
process of comparison with the teeth of intermediate forms. 

The sectorial or carnassial ^tooth in the upper jaw is 
always the fourth premolar ; its crown is divisible into two 
parts, the one a thin sharp-edged blade, which runs in an 
antero-posterior direction, and is more or less divided by 
one or two notches into a corresponding number of cusps ; 
the other part, the “ tubercle,” is a shorter and blunter 
cusp, and supported upon a distinct inner root situated at 
the inner side of the anterior end of the blade (see^fi^. 186). 

When the blade consists of only two cusps, as in the 
Dog, these are the paracone and metacone of the primitive 
triangle— the inner tubercle supported on a special root is 
the protocone. This is the early form of carnassial tooth, the 
anterior lobe of the blade in Felida) having been added 
later. In them the anterior division is the paraconid, the 
posterior the protoconid. To these are sometimes added an 
inner cusp (metaconid), and posterior talon (hypoconid). 
In those which are most purely flesh-feeders, the “ blade ” 
is well developed, and the tubercle of small size; an increase 
in the tubercular character of the tooth is traceable through 
those genera which are mixed feeders. f 
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Thus ill the beara the tubercle is said to bo highly 
developed, but it is to be noted that the large flattened 
inner portion of the bear’s sectorial tooth is in a more 
posterior position than the tubercle of a cat’s sectorial, and 
is not supported upon any separate root. 

The lower tooth which antagonises the upper carnassial, 
passing a little behind it, is the fli*st true molar ; in the 
Feliddi it consists solely of the blade, which is divided into 
two large cusps, behind which is a very small and rudimen- 
tary third division (which in the Hyrenidse, for exaiAple, is 
of conspicuous diinensions). In existing Carnivora but one 
“ sectorial ” tooth is to be found on each side of the jaws, 
but in the Hyfeiiodon, which had the full number of 44 
teeth, and in some other extinct tertiary mammals, there 
were more teeth partaking of this character. 

In a general sense we may say that the characters which 
iiidiciate a pure flesh diet are : the small size of the incisors 
as compared ivith the canines, and their arrangement in a 
straight line across the jaw ; the large size, deep implanta- 
tion, and wide separation from one another of the canines ; 
the reduction in number of the molar series, those that 
remain being without broad crushing surfaces, in the place 
oC which a pointed or sharp-edged form prevails. 

Thiis Ihe more numerous the teeth of the molar series, 
and the broader their crowns, the more likely it is that the 
creature subsists upon a mixed diet ; and a gradation may 
be traced even in individual teeth, such as the carnassials, 
in which a gradual increase in relative size of the internal 
tubercular cusps of the upper, and of the posterior tubercles 
of the lower teeth, may be traced as we pass from the ex- 
amination of the teeth of Felidm to those of mixed feeders, 
such as the Arctoidea. 

It is a familiar observation that immature animals difier 
less from their allies than do the respective adults, and this 
is exemplified by the milk dentition of the present order. 
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With tlie exception of the Felidte, which have only two 
lower milk molars, the terrestrial Carnivora, so far as is 
known, all have the same milk dentition : 

. 1 :i 

1 - c --- m — . 

I ;i 

CynoUka . — The doj^ presents almost the full typical 
number of teeth, one upper molar (present in an c^ctinct 
dog-like animal, the Amphicyon, and sometimes in C. 
cancriyorus) alone being wanting. 

. :i 1 4 i> ,1 3 2 

1 — (• - pm — 111 — , or dm — pm — m — . 

1 ^ 4 1 ^ 3 3 

The incisors arc small, the outermost being the Largest ; 
the upper incisors have, as in a great many Carnivora, a 
tri-lobed shape, the surface of the crown being marked by a 
transverse groove into which the apex of the lower tooth 
fits, and the anterior of the lobes thus formed being notched 
so as to divide it into tw’O. 

The canines, large and conical, are somewhat compressed 
from side to side, and have an anterior and posterior sharj) 
ridge ; they are also slightly flattened on their inner 
surface. 

TTie premolars are flattened from side to side, t pointed, 
increasing in size from before backwards, and have small 
basal accessory cus 2 )s (sec fig. 188). I^hc first prcmolar 
has no predecessor ; it is a small tooth, and is often lost 
early ; it is cut considerably before the other preniolars, of 
which pm4 erupts first ; and as its follicle appears about the 
second w^eek, before there is any trace of the follicle of the 
other premolar teeth, Lesbre regards it as a persistent milk 
tooth. The fourth u})per ])remolar is the sectorial tooth, 
and is very much larger than the third premolar ; the blade 
is well pronounced, and the tubercle small. The fourth 
lower premolar does not greatly differ from thelthird. The 
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two upper true molars are blunt, broad-crowned tuber- 
culated teeth, but the second is very small. 

In the lower jaw the first true molar or carnassial tooth 
has a well-marked blade, which articulates with the blade 


Fia. 188 (»). 



Fig. 189 



of* the upper carnassial tooth ; but towards the posterior 
border there is* a somewhat thick and blunt tuberculate 
portion, barely represented in the corresponding tooth of 
the Felidro ; the tubercular portion articulates with the 
broad flat first upper molar. The second lower molar is 

* (*) Deif^ition of Australian Dog (Oanis Dingo). 

(^) Milf and permanent teeth of Dog (after Prof. Flower). 
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smaller, not being one-fourth the size of the first ; the third 
smaller still ; both are blunt-crowned tuberculated teeth 
(the third lower molar, rudimentary in all dogs, is alto- 
gether absent in the Canis primscvus). The fox-like 

4 

Otocyon, however, has m — , making up a total of forty- 
4 

eight teeth, an excess over the full mammalian dentition. 

The dentition of the dog, closely similar as it is to that 
of the wolves and foxes, is such as to allow of a consider- 
able i\inge of diet, there being tubercular molar teeth in 
addition to a full armament of such sharply-pointed teeth 
as are characteristic of flesh-feeding animals. 

Thus the Canidse, uniform as they arc in dentition, have 
somewhat different habits ; the Arctic fox, a flesh-feeder 
purely, has a dentition indistinguishable from the North 
Italian fox, which is reputed to be vegetarian in its diet ; 
the Canis cancrivorus of Guiana, which often possesses a 
fourth molar, eats small mammals, crabs, and also fruit. 
Hence it is necessary to be very careful in deducing from 
the character of the teeth what may probably have been 
the diet of the animal ; an approximate idea may often be 
reached, but the sources of fallacy are sufficiently numerous 
to render the conclusion uncertain. , 

Amongst the various breeds of dogs some sli^it' differ- 
ences exist. Thus in the long-muzzled races considerable 
intervals exist between the premolars, as is to some extent 
seen in C. Dingo (fig. 188), wdiile in the short-muzzled 
races the teeth are in contact, and set somewhat obliquely, 
so as to be almost imbricated. 

On the whole it may be said that the teeth are less easily 
susceptible of modification in size than are the jaws, so that 
crowding of the teeth is induced by selective breeding 
aiming at the production of short-muzzled varieties. 

In some long-muzzled races s\ipernumerary teetli-' are 
sometimes found ; thus De Blainville (Ost^ograjkie, CanidtB) 
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figures two examples, the supernumerary tooth being in one 
case a premolar, in the other a true molar. 

(Elnroidea . — AVith a dental formula not differing much 
from the dog (and not at all from Canis primajvus) the 
Viverrida) (Civet cats. Ichneumons, tkc.) approach the more 
typical carnivores in such points as the thinner and sharper 
blades of the premolar teeth and the greater relative length 
and sharpness of the canines. 

The dental formula is — 



At the same time the lower carnassial tooth has no less 
than six sharply-pointed cusps, and' it lacks the typical 
character of a sectorial tooth, while the long pointed cusps 
of the molars of some Viverridic recall the characters of 
insectivorous dentitions rather than tliose of true flesh- 
feeders ; furthermore, there are other Viverridte which are 
not at all savage, and which subsist on a diet of fruits, 
eggs, etc., such as the Binturong or the Paradoxurus, the 
teeth of which have almost lost the ctirnivorous character. 
Little use can therefore be made of the Viverridaj as illus- 
trating the transition between the dental characters of the 
otlier families of the order ; they rather serve to exemplify 
how, within the limits of a single family, with an identical 
dental formula, the form and size of the teeth may vary so 
as to adapt its members to different forms of food and habits 
of life. 

* Ilymnidoi.—lw the Hysona the jaw is short and stout \ the 
canines are set .far apart, and the teeth of the molar series 
are reduced in number. 


.31 21 

.-CjP ^mT 


The incisors are short and stout, but the outermost 
upper inciso| is somewhat caniniform ; the canines are very 
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strong, but are not so long relatively to the other teeth as 
in the Felidaj. 

The premolars are all stout pointed teeth, with a very 
well pronounced basal ridge or cingulum, serviceable in pro- 
tecting the gums when the creature is crushing up bones ; 


Fig. 190 C), 



they increase in size from before backwards in the upper jaw, 
the fourth upper premolar being a well-marked carnassial 
tooth with its blade and tubercle. 

The lower carnassial or first molar consists of little more 
than the notched blade ; but the little posterior tubercle so 
strongly pronounced in the dog, is in the hyoona distinctly 
more marked than in the Felidm (cf. figs. 190 and 191). 
The only upper true molar is the rudimentary tooth, placed 
inside the back of the fourth prcmolar. . • 

The main feature of the dentition of the* hypcna is the 
great stoutness and strength of the teeth ; they are admir- 

(') Upper anti lower teeth of Hysena. The strongly marked cingulum 
18 seen upon the lower teeth. In the upper jaw the fourth premolar 
(carnassial tooth) has a strong blade, divided into three cusps, ^and a 
small tubercle opposite to and within the antciior cusp j it is a good 
typical carnassial tooth. ^ I 
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iibly adapted to the habits of the animal, which feeds 
rather upon the j)ortions of carcases left by the fiercer 
carnivora than upon those which it kills for itself, and con- 
sequently bones form a large proportion of its food. 

There is a curious hyicna-like animal found at the (’ape 
(of which there arc often specimens at the Zoological 
(lardens) called lh*otclcs or Aardwolf, in which the teeth 
of the* molar series arc quite rudimentary. The incisoi*s 
anuch worn in old animals) and the canines are fairly well 
<lcveloi)ed ; the molai*s and premolars quite stunted. ^ 

is similar to the 


/ ^ 

The deciduous dentition ( dm. 


adidt, as respects the teeth being stunted. It is a cowardly 
jiiiimal, and is supposed to feed on putrid flesh ; it is said 
to eat young lambs, and to bite the large tails of the (’ai)e 
sheep, which are remarkable for containing an abundance 
of semi-fluid fat. 

There is also another form, from Madagascar, named 
hhiplcres, which has weak jaws, and a dentition so much 
I’cduced that it was at first regarded as an Insectivore. 

Felidce , — The dentition of tliis family is singularly 
uniform. 


Thus the molar series is reduced below that of hytena by 
the loss of a premolar in both jaws. The incisors are very 
short, the canines very large, Avidely apart, and sharply 
pointed, with a pronounced longitudinal ridge very charac- 
teristic of the Felida* ; the premolars nearest to them are 
(piite short, so that they stand practically alone, and s«i 
can penetrate the flesh of living i)rey more readily. 

The first upper (really the second of the typical mam- 
malian dentition) jiremolar is almost a rudimentary tooth ; 
the second, a far larger tooth, is sharply pointed ; the third 
is a well pronounced cariiassial tooth, of which the “blade 
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is divided by two notches into three sharp lobes, with the 
middle one of which the “ tubercle is connected by a slight 
ridge. 

The solitary true molar is a small tooth, placed trans- 
versely, and within the back of the prernolar, so that looking 
from the outside it is not visible at all. 

In the lower jaw the carnassiai (first molar) is reduced to 


Fi(5. 191 (1). 



the “blade” only ; it is divided by a V-shaped notch into 
two lobes, and the posterior tubercle is hardly reiA'eSonted. 

In an extinct feline animal, the Machairodus, found in 
tertiary strata, and very widely distributed (in France, 
Italy, India, llrazil, Buenos Ayres), the first of the pre- 
molars left in the upper jaw of Felis, and there almost 
l■ndinlentary (see fig. 101), has disappeared ; the dedtid 
formula is thus ; 

3 12 1 

i^c Yp^m p 

The upper canines are of immense length, and the ridge 
of enamel which runs down the front and back surface of 

(*) Side view of lower, aud-'palatal aspect of upper jJw (Leopard). 

G o 2 
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the teeth is distinctly serrated ; hence the name of saw- 
toothed Tiger which has been given to the animal. 

The lower canines are (luite small, and range with the 
incisors. The enormous length of the upper canine renders 


Fiq. 192 ('}. 



■) 

f 


it difficult to see in what manner it was made use of, as the 
mouth could hardly have been opened to an extent sufficient 
to enable its point to do more than clear the lower jaw'. 

Smilodon, a somewhat similar extinct animal, had a den- 
tition still further reduced, viz. : 

.31 2 0 

2 1 ^ 2 or 1 1 

Prof. Cope has described a rich series of extinct cats 
(“ Extinct Cats of N. America,” American Naturalist, Dec. 
18^0), mostly from Miocene beds. He summarises their 
characters thus : ^ 

“ It is readily perceived that the genera above enumerated 
form an unusually simple series, representing stages in the 
following modification of pjirts : — 

(1.) In the reduced number of molar teeth. 

(^) Side view bf the jaws and cranium of Maebairodus (Drepanodon), 
after Owen. t , • • 
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(2.) In the enlarged size of the upper canine teeth. 

(3.) In the diminished size of inferior canine teeth. 

(4.) In the conic form of the incisors. 

(5.) In the addition of a cutting lobe to the anterior base 
of the upper sectorial tooth. 

(6.) In the obliteration of the inner tubercle of the lower 
sectorial. 

(7.) Ill the extinction of the heel of the same. ’ 

(8.) In the development of an inferior flange at the 
^ latero-anterior angle of the front of the ramus of 

the lower jaw. 

(9.) In the development of cutting lobes upon the 
posterior border of the large premolar teeth. 

“The succession of the genera above pointed out, coincides 
with the order of geologic time very nearly. 

“ The relations of these genera are very close, as they differ 
in many cases only by the addition or subtraction of a single 
tooth from each dental series. 

“ These characters are not oven always constant in the 
same species, so that the evidence of descent, so far as the 
genera are concerned, is conclusive. No fuller genealogical 
scries exists than that which I have discovered amongst the 
extinct cats.” # 

There were some Eocene and Miocene Carnivora of 
generalized characters which cannot be referred to either of 
the three groups, and which are sometimes thought to have 
been the common ancestors of existing Carnivora and 
Insectivora. ^fhey are termed Crcodoiita, and of them 
Hyicnodon is the most familiar example. 

The extinct Hytenodon in some respects resembled the 
Eelidaj, though it is on the whole of somewhat doubtful 
atiinities : it differed in that it presented the typical mam- 
malian formula of — 

3 14 3 

'“T 4 
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its . great peculiarit}’' being that one and all of these teeth 
were of “ camassial ” (*) form. Yet the elongated form of its 
jaw is, so far as it goes, opposed to the idea of its having 
been highly carnivorous ; its food at all events must probably 
have consisted of animals very much smaller than itself. 

Arctoidea . — Amongst the Oamivora grouped together Ijy 
many characteristics as “bear-like,” a tolerably complete 
gradatibti of character in the matter of dentition may be 
traced. 

Some of the group, such as the stoats and martint, are 
very carnivorous ; others arc mainly herbivorous. Of the 
Mustelida) the dental formula is 

I 4 I 

i 3 

'riiere is a sort of facie resemblance to the feline 

dentition, for the sectorials arc very much like those of the 
Felidae, but the last tooth in each jaw is a broad-topped 
tubercular molar, even in the most carnivorous members of 
the group, while in those wliich arc less so, such as the 
badger, the molar teeth are very broad and obtuse, the 
lower sectorial having a very small blade and a very large 
tubercular posterior talon, so that, without having really 
lost its lypical formation it comes practically to be a broad 
grinding tooth. 

In the Procyonida) (Racoons and Coatimundis, &c.) Ave 
have a further departure from the carnivorous character, 
in the increased deA'^elopment of the molar scries : the dental 
formula is — 

3 14 2 

i 3 cjpjm 

(') The carnassial tooth of Fclidse is always oi)posite to the corner of the 
lips ; if further forward it would act at a disadvantageous leverage, and 
if furtheV back, could not be got at for slicing pieces off a carcase too large 
to take bodily into the mouth (Cope). 
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111 the Coatimundi, for example, the upper sectorial has a 
ver}' large ** tubercle,” and posteriorly to this there is a 
small additional tubercle ; the “blade ” has no largo or con- 


Kai. 193 (»). 



spicuous thin, flat, sharp edge, but presents two pronounced 
cusps. 

Tlie lower sectorial is no longer recognisable as a car- 
nassial tooth, and all the true molars are broad teeth with 
four or five cusps. 

The canines are very peculiar, those of the upper jaw 
lieing very straight and much flattened from side to side ; 
those of the lower jaw strongly curved, and mavkqd bV a 
dee]) groove near the front of their anterior surfiice. 

'Pile first ])reniolar is in many of the Mustelidic rudi- 
mentary, and is lost early, but there is not enough known 
of it to enable us to decide whether it is a persistent milk 
tooth, or a deciduous second tooth. • 

III the Bears the teeth arc yet further, modified to suit 
the rc(iuirements of mixed or vegetable feeders. 

(') Upper and lower teetb of a Ooatimundi (Nasua socialis). Thefourtli 
ni)l>er premolar (carnassial tooth) has lost its sectorial character by the 
blade being much less, and the tubercle much more developed than in the 
(Eluroidca ; there is an additional internal tubercle at the back of the 
tooth. . 
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The dental formula is generally — 


. 3 
1 — 
3 


1 4 


3 ‘ 


The incisors of the upper jaw present the notch across 
the crown, so common in Carnivora, and the outermost is 
large and not unlike a canine ; the canines arc, relatively 


Fm. 194 (»). 



to the other teeth, not so large as in dogs or Felidic ; never- 
theless they are stout strong teeth, upon which the anterior 
an^J posterior ridges of enamel are well marked. 

The hrkt three premolai's are small dwarfed teeth ; tlie 
first iireniolar is very close to the canine, and has a crown 
of peculiar form, produced out towards the canine. 

^Vll four of the prcniolars seldom persist through the life- 
time of the animal ; tlie first premolar, liowever, is rarely 
(it* ever in recent sjiecies) lost, the second being the first to 
fall out, and theh the third. As the fourth is never lost, in 
most adult bears the first and fourth premolars are found 
witli a wide interval between them. The premolars of bears 

(^) Teeth of a l^ear (Ursus tbibetanus ?). The figure is drawn from a 
^oung sfleeimeii,^ in which the canines have hardly attained to their full 
length. In tlnS|bear the four x>remolars are all persistent. 
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thus form aii exception to the rule that when a tooth is lost 
from the preniolars, the loss takes place from the front of 
the series. 

The fourth upper ])remolar (carnassial tooth) retains 
something of its carnassial character, though relatively to 
other teeth it is smaller than in the Felidae ; the first lower 
molar very little, save that it is a narrower and more 
elongated tooth than the other true molars. • 

The other true molars are squarish or oblong teeth, raised 
into bjunt tubercular cusps ; they vary in different species. 

In the sloth bear (Melursus la hiatus) the incisors are small 
and the median pair are lost early; it is variously stated 
to bo frugivorous and to feed on ants, the latter 2)robal)ly 
being the more truthful account. 


CAUNIVOUA l>lNNIt»KDlA (SKALS). 

The aquatic Carnivora are divided into three families : — 

I. The Otariida), or Kared Seals, comprisin^r the sinyrle genus Otaria. 

known as Sea Lions, or Sea Bears. These are the ” fur seals,” 
from which seal skin is procured, and they are less removed 
from the terrestrial carnivora than are the other seals : the 
limbs are better adapted for walking, there arc external 
ears, &c. • 

II. The Phocidie, to which family the seals of our c5wA coasts 

(Phoca greenlandica, &c.) and the Great Proboscis Seals of tht? 
southern seas (Cystophora) belong. 

III. The Trichechula), or Walruses, an aberrant Arctic family con- 
sisting of one genus only. 

Tlic dentition of the seals is less highly specialised than 
that of other Carnivora, in some cases approximating to that 
of homodont ('etaceans. 

The seals belong to the less powerfully developed orders 
of mammalia, and like others similar in this respect, have 
no change of functional teeth. 

What change there is takes place at an exceedingly* early 
period, indeed at or before birth. ^ 
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The milk dentition is very feebly developed in all seals ; 
in the Otaria (fur seal), which of all the seals most approaches 
to tlie terrestrial carnivora in other characters, the milk teeth 


Fig. 19.5 



are retained fcjfr a few weeks, but in most others they arc 
shed about the time of birth. Thus Professor Flowci* 
tells us that in a Phoca greenlandica a week old scarcely a 
trace of the milk teeth was left. 

j 

(*) Jaws of Otaiia, in which the teeth are affected by a form of erosion. 
After Dr. Murje. Odont. Foe. Trans., 1870. 
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The canines are generally well marked by being larger 
than the other teeth, but the molars and premolars are 
very similar to each other, and. arc simple in pattern. 

The teeth of Otaria and of some other seals become 
much worn down, and they also seem to become eroded at 
the level of the gums, as they are often deeply excavated at 


Fig. 196 (*'. 



points which seem unlikely to have been exposed to friction, 
but the nature of this erosion has not been adequately in- 
vestigated. 

Otaria has a dental formula — 



1 4 

— c — pm - 111 
2 1^4 



The first premolar has no luedecessor either in*it'or in 
the Phocidfc. 

The incisors, however, vary in number in different groups, 
while the canines, premolars, and molars arc constant. 

The common seals (Phoca) have a dental formula — 

.3141 
1 — c — p — m . 

3 1 -i 1 


Tile incisors are of simple form, and the outer are the 
larger. The canine is a strong recurved tooth, with a 
large root ; behind it follows a series of molars, each of 


(^) Teeth of Fhoca greenlandica. 
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which (with the exception of the first) bears a central 
principal cusp, with a smaller accessory cusp before and 
behind it. The forms of the crowns vary a good deal in 
different genera, in some the cusps being much larger, 
more deeply separated from one another and recurved ; and 
ill others the .accessory cusps being multiplied, so that the 
name of “ saw-toothed seal has been given to their pcs- 
sessor. 

It is suggested by Baume that the degree to which the 
teeth have become simplified perhaps corresponds \fith the 
aiiticpiity of tfie genus as aquatic, those wdiich have taken 
to the Avater more recently having retained a greater 
complexity of tooth crown. 

The Leopard Seal has teeth with exceedingly long roots, 
disjiroportionate, one would say, to the necessities of a fish- 
foeder for firm implantation of its teeth. 

In the Hooded Seals (Cystophora) the incisors are reduced 



to one in the lower jaw and two in the upper ; the canines 
are of great size, but the molars are small and simple 
in foym, so as to approximate to the teeth of the Cetacea. 

(^) Permanei^t and milk teeth of Elephant Seal (Cystophora proboscidea). 
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But it is noteworthy that whereas the Cetacea arrived at 
a rnonophyodont and homodont dentition by the suppres- 
sion of the second dentition, and retain their milk teeth, the 
converse is true of the seals. 

The Walrus (Trichechus rosmariis), an aberrant Arctic 
form, is possessed of enormous upper canines, which pass 


Fio. 198 (»). 



down outside the lower lip, and are of such diiiiensioiis as 
to materially modify the form of cranium by the size of 
their sockets ; they grow from persistent pulps, and are 
composed of dentine with a thin investment of cement. 

Side view of upper and lower jaw^s of a Walrus (Trichechus rusuiarus). 
The upper jaw has been tilted a little to one side, in order to bring into 
view the molar teeth at the same time with the long tusks. The deter- 
mination of the teeth being open to question, they have been simply 
numbered. • I 
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The groat tusks are employed to tear up marine plants 
and to turn over obstacles, the walrus feeding upon Crus- 
tacea, and also upon seaweed, &c, ; they are also used to 
assist the animal in clambering over ice : as they are of 
almost equal size in the female, they cannot be regarded as 
weapons of sexual oifence, but they are undoubtedly used 
in the combats of the males. 

The largest tusks seen by Nordenskiold were .‘30 inches in 
length, and 8 inches in circumference ; the tusks of the 
females attain to the same length, but they arc much more 
slender. 

In .addition to the great tusks the walrus ordinarily has a 
row of four or five teeth, short and simple and w’orn down to 
the level of the gums. Of these, the one placed immediately 
within the base of the great canine is in the intermaxillary 
bone, and is hence an incisor : the ordinary dental formula 
is given by Professor Slower as — 


But there is some difficulty in assigning a definite dental 
formula : for in front of the solitary incisor are often the 
S6ckcts j^or even the teeth themselves) of two others, which 
are for various reasons rather to be regarded as non-per- 
sistent teeth cf the permanent set than as milk teeth : 
and there are also small teeth sometimes to be met with 
behind the molars, which seem to be rudimentary perma- 
veiit teeth. 

In young specimens the dentition is — 


. :3 
1 — 
;3 


1 

c-j-pm 


and m — . 
4 


The teeth above alluded to may persist through life, and 
probfibly often do ; but they are sure to be lost in macerated 
skulls, as t^iey have but little socket. Of the milk den- 
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tition four teeth h.ave been traced in each jaw ; they are 
rudimentary, are lost about the time of birth, and corre- 
spond in position to the more largely developed teeth of the 
adult. Hence tlic (question if those small rudimentary 
teeth above alluded to are to be regarded also as milk 
teeth which are long retained, or as rudimentary permanent 
teeth ; at present this requires further elucidation. 
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THE TEETH OF PRIM AT KJ 

The order Primates embraces Mjih, Monkeys, and the 
Lemurs. 

Some naturalists have been disposed to separate the Lemuridas 
from the rest of the Primates, on the jrround that some Lemurs 
approximate rather closely to the Insectivora, while again the order 
Insectivora contains some forms which recall the Lemurs. 

Prof. Cope regards the Lemurs as an exceedingly ancient and 
generalised form, and considers that they may have been parent 
forms of many widely different mammalian forms. 

But although the Lemuridm are undoubtedly inferior to the 
Monkeys, and stand apart from them more widely than do the 
Monkeys and Man, most authors now place them in the order 
Primates, which is to be divided as follows : — 

C Lemurida*. Lemurs. 

Primates ! Simiadae. Old and new-world Monkeys. 

‘ ^ ^ ( Anthropidro, Man. 

Lemurids. — The TiCmurs for the most part are found in 
Madtagascar, and to a less extent on the mainland of Africa 
and in southern Asia. In their dentition, just as in other 
characters, they differ somewhat from the true monkeys, 
though, on account of there being several very aberrant in 
form, it is difficult to give any general account of them. 
Most of them have the upper incisors very small, and widely 
separated from one another ; in the lower jaw these are 
antagonised by six or eight long, thin, narrow procumbent 
teeth, ^generally regarded as being two pairs of incisors and 
the lower canines : in both upper and lower jaws the next 
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tooth is large and pointed like a canine, but the lower 
caniniform tooth bites behind the upper, and so is held not 
to correspond to it, but to be the first premolar. The pre- 
molars are compressed from side to side, and are very sharp : 
the molars arc armed with long sharp cusps, which are worn 
down in old animals. 

The upper molars in many lemurs are armed with four 
cusps, and the upper and lower molars are very generally 
alike. 

In Aiany of them the lower preniolars are two-rooted, the 
roots being more or loss completely in the position of outer 
and inner, not of anterior and posterior roots. 

It is interesting to note that the peculiarity of modern 
lemurs in having the lower canine ranging with the incisors, 
and a premolar modified to take its place, is not found in 
certain extinct lemurs, in which the real canine takes the 
place and functions of the canine. 

The Indri, the largest of the lemurs, has 


,21 2 3 



In it there are fewer teeth than in other lemurs, there 
being only one incisor in the lowxr jaw ; and as the canine 
ranges with it, the upper canine is antagonised by a two- 
rooted, pointed tooth which closes behind it, and is a 
premolar. 


(b Teeth of the Indri. 


11 H 
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There is a very aberrant lemur, the Aye-aye (Cheiromys), 
which in its dentition imitates the rodents. 

10 13 

1 jc ^ pm^y m -3. 

In both upper and lower jaws the incisors form a single 
pair of large curved teeth, gi'owing from persistent pulps, 
and wearing obliquely so as to constantly preserve a sharp 
cutting edge. The enamel is very much less thick, if not 
altogether absent, upon the backs of the upper iixjisors, 
but the lower incisor, which is very narrow from side to 
side, and very thick from back to front, is composed very 
largely of enamel, the dentine constituting but a small part 
of it. 

After a considerable interval, which is devoid of teeth, 
there follow four upper and three lower teeth, which are 
not of persistent growth, but have definite roots, and 
resemble the molars of many omnivorous rodents. 

Being a somewhat rare and strictly nocturnal animal, 
little is known of its food ; some have believed that it made 
use of its rodent incisors to cut away portions of wood in 
order to get at the grubs contained in it, drawing them out 
of, their hiding-place by means of its curiously elongated 
finger, whilst others believe that it gnaws the sugar-cane. 
One specimen kept in confinement had the habit, no matter 
what it had been eating, of passing each of its long fingers 
carefully through its mouth after finishing its food, as 
though these fingers were apt to be soiled in the getting of its 
natural food. But whatever the nature of its food may be, 
it is certain that its scalpriform incisors are put to hard 
work, and so kept worn down, for in a specimen kept for a 
time in the Zoological Gardens, wdiich was supplied with 
soft food, the incisor teeth grew to an excessive length, and 
ultimately caused the animal’s death by the points of its 
lower incisors perforating the palate. The accompanying 
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figure represents the muzzle of this specimen, and although 
the upper teeth have grown to an inordinate length, and 
have diverged from one another, it will serve to show the 
rodent-like aspect of its mouth. 

Although, functionally, its teeth are those of a rodent, 
yet despite this adaptive resemblance, the milk dentition 


Fio. 200 (»). 



retains certain characters which indicate the lemurine origin 
of the creature. 

In the upper jaw the milk dentition consists of two small 
incisors, a canine and three molars ; in the lower jaw of two 
small incisors and two small molars ; it is .said that in an 
early stage a third milk incisor is to be found. 

The permanent incisors push their way up between the 
first and second milk incisors ; at a certain stage all three 

(^) AyO'Aye (Cheiromys), which died in the Zoological Gardei^ (after 
Dr. Murie). The upper incisors, from want of sufficient use, have wown 
long and diverged from the middle line. 


H H 2 
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are to be seen at once, but the large size of the permanent 
incisors causes the speedy loss of the milk incisors. 

No known rodent has so many milk teeth, nor indeed any 
milk incisors at all, except perhaps the Hares and Kabbits : 


Kkj. 201 (»). 



the Aye-aye thus alibrds an excellent example of a milk 
dentitian ‘preserving characters which are lost in the ex- 
tremely modified adult dentition. 

The special interest which attaches to the dentition of 
Cheiromys has been already alluded to ; to briefly recapit- 
ulate, it is this : in Madagascar, an isolated area separated 
by a wide tract of deep sea from other areas, true rodents 
are almost absent, but lemurs abundant. But one of the 
Icmurine animals which arc to be found there has been so 

(') Upper ami lower jaws of Clieiromys. A. Milk dentition, with the 
permanent incisors just emerging. /, /. Upper and lower permanent in- 
cisors. i2yl2. Upper and lower milk incisors, r. Milk canines. rM, 
d2t d efy dh. Upper and lower milk molars. (Twice natural size.) 11. 
Reduced figure of permanent teeth (after Peters). 


THE TEETH OF PRIMATES. 


469 


modified that its teeth to all intents and purposes are those 
of a rodent. Yet with all this modification it retains 
characters (notably its milk dentition) which are quite 
unlike those of true rodents, hut which recall the manner of 
its origin from higher lemurine forms. 

SimiadsB. — The true monkeys are divided into two great 
divisions, the now world monkeys and the old world monkeys. 
The former differ in many respects from the latter j for the 
most part they have prehensile tails, and their nostrils are 
set somewhat widely apart, whence they are called Platyr- 
rhine, or wide-nosed monkeys, and they differ also in their 
dental formula, which is — 

2 13 3 

i "2 ^ Y P J Y ~ 

They are divided into Hapalidfe (Marmosets) and 
(Jebida?. 

The little marmoset monkeys have only 32 teeth, but they 
agree with the other new world monkeys in having three 
premolars on each side, the molars being reduced to two in 
number. The iij)per molars of some new world monkeys, 
notably Ateles and Mycetes, have the antero-internal and 
extero-posterior cusps joined by an oblicpie ridge, ii chara'cter 
whicli is shared in the old world groups by man and the 
anthropoid apes onl}'. 

In the Cebidffi the molars have very sharp cusps, as in 
the Insectivora, and the upper and lower molars are not 
alike. • 

In the spider monkeys (Ateles) the outer lower incisors are 
caniniform, and the canines which are long and sharp arc 
very like the anterior premolars, but with their outer cusps 
much longer. The inner cusp of the anterior lower premolar 
is hardly developed, but in pm., the inner cusp and posterior 
cingulum is more pronounced, and in pmj it is yet more 
strongly expressed : they are all single rooted^ and show the 
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relationship of the canine to the premolars excellently well 
(see page 500). 

The upper premolars, especially the last, have roots bifur- 
cated near their tips, but have not three roots. The bifur- 
cation in the root of m^ takes place only low down, in m.^ 
lovrer still, and 1113 is single rooted and small, so that the 
teeth show a tendency to reduction. 

Of the upper molars the first two are three-rooted, but the 
third is hardly even bifurcated. 

All Quadrumana have well-developed milk dentitionf 

Old W’orld or Catan'hme monkey's all have the same dental 
formula as man — 

2 13 3 

1 2 c j-p 3 m^. 

They have nipple-shaped cusps to the molars, as in man 
and the Anthropoid apes, but in the Pitliecidse the upper and 
loAver molars are alike. As an example the Macaque monkey 
may be taken. The up]Der and lower incisors, but especially 
the former, are directed oblicpiely forwards, and the lateral 
incisors are very mucli smaller than the centrals. In the 
upper jaw a consideraldc interval sci)aratcs the incisor from 
the Ccaninc, wliich is a very Large tooth, somewhat triangular 
in sfection, with a sharp edge directed backwards, and with a 
deep groove or its anterior surface. 

The upper preniolars are implanted by three distinct roots, 
as are also the true molars ; the latter are quadricuspid, but 
lack the oblique ridge. 

The lower canine is a slairp and powerful tooth, though 
it is very much ^smaller than the upper ; the first lower 
premolar, by its front surface, articulates with the upper 
canine, and is of curious form. It is implanted by two 
roots, but the anterior root is produced foiuvards, so that the 
antero-posterior extent of the tooth is much increased. 

The fipex of the cusp of the tooth is almost over the 
posterior root,jand from this point the crown of the tooth 
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slopes obliquely forwards down to its anterior root. This 
peculiarity in the form of the first lower premolar is eminently 
characteristic of the baboons. There is nothing to note of 
the second prcmolar save that it is implanted by two roots, 
like the true molars, which arc quadriciispid ; of them the 
third is larger than the first two, and is quinquicuspid. 

But in some genera, e.g. Cercopithccus, this is reduced in 
size and is tricuspid. 

There is considerable difference in the size of the canine 
in tlTe two sexes, that of the male being very much the 


Fig. 202 (i). 



larger ; this difference does not exist in the deciduous den- 
tition, in which the canines are relatively small. 

The Anthropoid Apes include the Gibbons (Hylobates), 
the Orang (Simla), the Gorilla (Gorilla) and the Chimpanzee 
(Anthropopithecus, formerly called Troglodytes). 

Upon the whole the gibbons are the lowest, and the 
gorilla or the chimpanzee the highest of the anthropoid apes, 

(^) Upper and lower teeth of a Monkey (Macacus nemestrinus, male). 
The length and sharpness of the canines, and the peciilia rfonu of the 
anterior lower prcmolar, contrast with the aspect of the corresponding 
teeth in the Anthropoid Apes or in Man. ^ 
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which arc all confined to tropical areas. Thus the gorilla 
and chimpanzee arc confined to tropical Africa, and theorangis 
limited to a part of the Malay archipelago. The gibbons are 
more widely distributed over the Malay archipelago and 
tropical Asia. 

The teeth of gibbons are not unlike those of man, except 
that their longer, slender canines extend far above the level 
of the other teeth. Although the gorilla approaches most 
nearly to man, this can hardly be said to be the case with 
its dentition. The jaws are very square, and there is sf large 
diastema in front of the upper canine, which in the male 
gorilla is of great size and strength, its top descending far 
below the level of the alveolar border of the lower jaw when 
the mouth is shut. 

In the lower jaw there is no diastema, but the teeth are 
all in contact with one another ; the first of the premolars 
is a very strong ijointed cone, showing plainly the close 
relationship between canines and premolars alluded to at a 
previous page. 

The molars increase in size from before backwards, the 
third molars attaining to a very large size, and in the lower 
jaw all three have five cusps (see Fig. 203). 

Nevertheless, though the teeth are coarser and stronger, 
there is a general resemblance to those of man. 

It has been pointed out by the late l*rofessor Kollcston 
that the canine tooth of the male anthrox)oid apes is a little 
later in coming into place than in the female. Thus in the 
maje chimpanzee and oraiig, it is not cut until after the 
third molars (wisdom teeth) are in place, whereas in the 
female it follows the second, but precedes the third molars. 
The sexual diftercnce in the canine teeth is very well marked 
in all the anthropoid apes, and its later eruption in the males 
is explicable both upon the ground that, being a sexual 
weapon* it is not needed prior to the attainment of sexual 
maturity, and also that being of very large size its formation 

l t 
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might be expected to take a longer time. No such difference 
pertains to the milk dentition, in which the order of eruption 
is exactly that which is met in man. 

Dr, Magitot • (Bulletin de la Societe d’Anthropologie de 
Paris, 1869) combats the idea that there is any difference in 
the oVder of the eruption of the permanent teeth between 
man and the anthropoid apes, but, while his observations 
liave been both careful and widely extended, he lays much 

stress upon an observation made upon a female gorilla skull, 

*» 


Fig. 203 (i). 



in which, as has just been mentioned, the order of succession 
is not quite the same as in the male. 

In a specimen of a New World Monkey (Cebiis hypoleucus) 
I have found nij on the point of erupting, whilst the 
temporary milk molars had not yet been shed, and its 
canine had not yet been erupted. 

Prof. Flower says in general terms that the canines are the 
last teeth to be cut, but mentions that in the gibbons they 
come up at the same time with, or even precede, the third 
molar, and this is also sometimes the case in the orang. 

Giglioli says that in a chimpanzee the order is the same 
as ill man, but that in a male gorilla he found the canines apd 
third molar erupting simultaneously, the former teeth, how- 
ever, taking the longest time to fully erupt. 

The dentition of the orang approaches tolerably closely to 
that of man, and the points of resemblance and of difference 
may be fairly well seen in the accompanying figure. 

• 

(^) Slightly-worn lower molars of a gorilla, showing the arrangement of 
the five cusps. ^ 
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The central upper incisors are similar to those of man, 
but are larger ; the laterals arc, relatively to the centrals, 
much smaller, and are very caniniform in shape, both inner 
and outer angles of their cutting edge being sloped off to 
such an extent that a central pointed cusp remains, in 
place of a thin cutting edge. The canines are strong, 
pointed, teeth, the cingulum and the ridge joining it with 

Fiq. 204 (1). 

rNab.Size. 



the apex of the cusp being well marked upon their inner 
sides. In the female the upper canine is about half as 
long again as any of the other teeth; in the male it is 
yet longer. 

The first bicuspid is a little more caniniform than that of 
man ; its outer cusp is long and pointed, and a ridge unites 
it with the anterior part of the inner cusp, which is feebly 
prpnounced; the second is a blunter and broader tooth. 
The preinolars are implanted by three roots. The molars 
are not unlike the human teeth in pattern. 

In the lower jaw the incisors are large and stout ; the 
canines sharply pointed, with a well-marked cingulum, 
and a well-marked median ridge on the inner side of the 

(^) Upper and lower teeth of an Anthropoid Ape (Simia Satyms, or 
Orang Outan). ^ ^ 
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crown. The first premolar is a shorter, stouter, and 
blunter copy of the canine, and can hardly be said to 
have an inner cusp. In the second premolar the inner 
cusp is as high as the outer, and the cingulum is elevated 
both before and behind till it almost forms two additional 
cusps, but both have two distinct roots which lie anteriorly 
and posteriorly like those of the lower molars. 

Indeed, I am not acquainted with any dentition which 
exemplifies the transition from incisors to canines, from 
canindls to prcmolars, and from premolars to true molars, 
better than that of the orang. 

There is also a point of interest about the lower premolars 
which may be noticed here. If the lower first premolar of 
one of the anthropoid apes be examined it will be found 
that its posterior root occupies the whole width of the 
alveolar border, but the anterior root when looked at from 
above is found to be of much less width, and it does not 
extend inwards to much more than half the distance reached 
by the posterior root. 

There is a form of abnormal root wdiich is met with in 
the first loAver premolar of man, of sufficient freciuency of 
occurrence to obviously have some significance, which con- 
sists in the outer border of the root towards its aj)ex bemg 
folded forwards and inwards, so as to present an approxima- 
tion to a double root at the end. I have myself collected 
eighteen examples of this, and in two it has gone to the 
extent of a second small anterior root being completely 
formed. , 

Thus we have as a comparatively common abnormality a 
tendency to the formation of tw^o roots, one anterior and the 
other posterior, and in every single iiistiuice it is the pos- 
terior root wdiich is fully developed, and the abnormal anterior 
root is tending to be formed as a smaller root, on the outside 
quite level Avith the other, but not extending inwserds in 
the direction of its width to nearly the same extent as the 
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posterior root. In fact it is trying to parallel the state 
of things which is constant in most anthropoid apes, and is 
hardly explicable on any other hypothesis than that it is a 
reversion, for in a I’cduced dentition like that of a xanthocroic 
man it is not conceivable that there should be a tendency to 
the development of a second root to the firat premolar as a 
commencement of a new order of things. 

Tlic lower molars resemble those of man, save that their 
surface is marked by that finely wrinkled pattern which is 



common to all the unworn teeth of the orang. One is 
struck , by the great backward elongation of the jaws, by 
their sipiarcncss, by the parallelism of the two sides, 
which converge slightly at the back, and by the largo size 
of the teeth in proportion to the bulk of the whole 
animal. 

r The large size of the canines being in a measure a sexual 
character, is, as , is so often the case, not very noticeable in 
the young animal ; the two accompanying illustrations of 
a young and an adult male orang may serve to show this, as 
well as some other differences developed by age. 

0) bpwer premolar (human). In the right-hand figure a second (anterior) 
root is in process of formation by a folding round of the flattened end of 
the root ; in tl^ left-hand figure it has attained to being a distinct root 
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A peculiarity of the orang lies in the enormous length of 
the roots of its teeth ; this is not shared by the gorilla, the 


Fig. 206 C). Fio. 207 (2). 



roots of whose teeth are proportionately shorter, and the 
chimpanzee has roots far shorter and feebler than cither. 


(b Skull of a young male Orang. The upper canine does not nearly 
reach to the lower alveolar border. 

(^) Skull of adult male Orang, in which the canine is lai'gely developed. 
(3) Side view of skull of an idiot. 
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Looking at the palatine surface of the jaws of an orang, 
the front of the mouth is squarish, .and the premolars and 
molars stand nearly in a straight line, not, however, strictly 
parallel with those of the opposite side, as they approximate 
at the back, the third molars being nearer together than the 
premolars. In the gorilla the t^vo sides of the “ arch ” are 

• Fiii. 209 p). 



parallel, and in the chimpanzee they are also nearly parallel, 
with a slight approximation at the back. 

So far as teeth go the chimpanzee most nearly resembles 
man : the canines arc not so large, and there is no very 
great sexraal difference in the canines, and none in the 
general size of the whole animal. 

The teeth of the chimpanzee are not very powerfully 
developed, and the third molai*s are a good deal smaller than 
the other teeth ; the lower premolars also have their twd 
robts more or less fused. 

The upper premolars are shorter in antero-posterior extent 
than those of other anthropoids, their outer predominate 
over their inner cusps, and in their position relatively to the 
molars they more closely follow the human type. 

(^) Lower teeth o£ Orang. Jaws from which bone has been removed ex* 
posing the roots of the teeth to their ends. 
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The relatively early closure of the intermaxillary suture 
which remains open late in the orang and gorilla, is 
cqrrelated with a less degree of prognathism ; in man the 
suture closes very early, and there is no subsequent elonga- 
tion forwards from this point ; whereas in chimpanzee there 
is much less than in orang and gorilla, though much more 
than in man. • 

There would appear to be a great deal of vafiability- 
about the articulation of the upper and lower teeth in the 
higher apes. 

Thus in the British Museum there are three orangs which 
are distinctly underhung, and several Avhose incisors present 
an “ edge to edge ” bite. There are also three underhung 
chimpanzees, as well as one which is underhung in the milk 
dentition, a thing exceedingly rare in man. There is also 
an underhung gorilla, and in the museum of the Odonto- 
logical Society there is a gorilla’s skull in which the lower 
jaw contains two supemumerarj’’ teeth buried in the sub- 
stance of the ascending ramus, with their crowns looking 
upwards, close to the foramen where the inferior dental 
nerve and vessels enter the bone (Odonto. Soc. Transac., 
vol. xix., 1887). 

There is a good deal of variability in the number of tqeth 
in anthropoid apes, no less than 8 per cent, of *th*o skulls 
examined by Bateson (Zool. Proc., 1892) having super- 
numerary teeth : he, however, found no examples of these 
in the gibbons ; in Cebida) and Atelcs he found them in 
4 per cent., and in other New World monkeys he found 
none at all. 

The differences which serve to distinguish the dentition of 
the most anthropomorphic apes from that of man are mainly 
these. Belatively to the size of the cranium, and of the 
whole creature, the teeth and jaws are very much larger in 
all their dimensions ; hence the creatures are prognathous, 
and the facial angle small, even when compared with the 
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jaws and cranium of an idiot. As might be expected, this 
difference is not so great in the young as in the adult 
animal. 

Ill jDlace of the teeth being arranged in a sweeping curve, 
the jaws arc squarish, the incisors being arranged in some- 
thing approaching to a straight line between the two great 
outstanding canines, behind which the premolar and molar 
series rdn in straight lines, converging somewhat as they go 
backward. There is a “diastema ” (^) or interval in front of 
the upper canine, into which the point of the lower cfanine 
passes, when the mouth is closed. Both the greater square- 
ness of the jaws, and the existence of a diastema, are direct 
results of the great size of the canines, and arc consequently 
not marked in young specimens. 

The upper premolars are implanted by three roots, the 
lower by two roots, just like the true molars, and the pre- 
molars when unworn partake more of the pointed character 
than they do in man. 

The wdsdom teeth present the same pattern of cusp 
surface, are larger than the other molars in the gorilla and 
the orang, and there is abundant space for them, so thjit 
they play an important part in mastication. The molar 
teeth of these apes are also squarer, their cusps sharper and 
longer, and the characteristic patterns more strongly pro- 
nounced, than in man. Moreover, the intermaxillary bone 
is more largely developed, and the intermaxillary suture 
remains distinct througli life, except in the chimpanzee. 

AuthropidsB. — In passing from the highest of the apes to 
the lowest of mankind, there is a sudden change in the 
character of the dentition ; but w^hile it cannot but be 
admitted that there is a gap, yet the differences arc nither 
of degree than of kind. 

Even in the low'est of human races the facial angle is 

Something approaching to a diastema is said to have been obsenrd hy 
Vogt and Broca in early European skulls. 
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j^reater, that is to say, they are much less “ prognathous ” 
than the apes, and the upper and lower incisors are more 
nearly vertical in position, not meeting one another at such 

Fi«. 210 (*). 



Fro. 211 (2). 



(1) Upper teeth of a Cattir. Theobliquc ridge of the upper molar is dis- 
tinct, not only upon the first and second, but also upon tlie third molar or 
wisdom tooth, which in this skull has the normal three roots well marked. 

(2) Lower jaw of a Caffir, in which the quinquicuspid form of the first 
and third molars is well seen, it being somewhat less strongly indicateil 
in the second molars. 
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an angle as in the apes. Mr. Perrin (Monthly Review Dent. 
Surgery, 1872) states that in a gorilla skull there is an inch 
of bone in front of the anterior palatine foramen : in a negro 
half an inch, and in a Greek skull it was close behind the 
incisors. 

«i 

It is generally said that in man the molars decrease in 
size from before backwards ; that is to say, that the first 
molar 'is the largest, while in anthropoid apes, with the 
exception of the chimpanzee, the contrary is the case. 
Though this is on the whole true, it requires some qualifica- 
tion : thus in certain lower races, such as the Australian 
blacks, the second and third molars are not smaller than the 
first. 

There is no diastema ; no sexual difference in dentition ; 
no tooth projecting beyond its fellows, and the teeth are 
arranged in an unbroken arch. The premaxillary bones 
become fused with the superior maxillary early in life, 
whereas in the Quadrumana they remain distinct. 

In general terms it may be said that the dentition of the 
lower races of mankind differs from that of the higher in tl.e 
following particulars : the arch is not so rounded, but is 
squarer in front ; the teeth are larger, and arc disposed 
with greater regularity ; the wisdom tooth has ample space 
to range with the other teeth, and is a characteristic upper 
or lower molar, the pattern of its grinding surface (quadri- 
cuspid if it be an upper, quinquicuspid if it be a lower 
tooth) and the disposition of its roots corresponding with 
the first and second molars, which do not greatly exceed it 
in size. Specimens of negro skulls may bo found in which 
there is scanty* room for the wisdom tooth, and in which 
consequently it is a little stunted in its development ; on 
the other hand, plenty of well formed and well placed 
wisdom teeth may be picked out of European mouths, 
though as a rule the wisdom tooth is much smaller than the 
other molars, does not bear the characteristic pattern of 
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cusps and grooves, has its roots connate, and it is not very 
infrequently a mere rudimentary peg. The stunted develop- 
ment of the wisdom tooth would seem to be a consequence 
of want of space during its formative period; the upper 
wisdom tooth is especially apt to be cramped in this way. 

There is some little evidence that the wisdom tooth is in 
process of disappearance from the jaws of civilised races ; in 
anthropoid apes the wisdom tooth is nearly or quite as large 
as the other molars, and shows no variability, whilst it comes 
into p)acc almost simultaneously witli the canine : in the 
lowest races of mankind the wisdom tooth appears to vary 
but little, is of large size, and is seldom misplaced ; in highly 
civilised races it is very variable in size, form, and in the 
date of its appearance, is often misplaced, and is not uncom- 
monly quite rudimentary. It seems to be a legitimate 
inference that a further modification of the race in the same 
direction will result in the disappearance of the wisdoni 
tooth altogether. 

Some exception must, however, be taken to such general 
statements : thus the Esquimaux not uncommonly have the 
wisdom teeth small and sometimes crowded out of place ; 
and amongst the African races instances on the one hand of 
the wisdom teeth being small, and on the other, of ^fourth 
true molars existing, are to be met with. 

Nevertheless, for the present, a case in which the wisdom 
teeth are very small can hardly be called a typical well- 
developed European mouth. 

It is stated by Regnault (Soc. d. Biologic, 1893) that the 
upper incisors differ in the various races of m<ankind : in 
the white races their lateral bonlers are parallel, but they arc 
divergent in negro races ; so that the difference in width 
between the cutting edge and the neck is twice as great in 
the black races : this peculiarity exists also in the milk 
teeth, and is silso traceable in the canines of both dciitttions. 

The cusp pattern of human molars has been a subject of 

• ♦ I I 2 
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interest to many observers, on ficcount of its seeming to 
indicate in some degree tlie problems of human descent. 

I set out to make a record of the percentage of deviations 
ill the cusps of the several races of mankind myself, but 
finding that Topinard (L* Anthropologic, 1892) had already *1 
done so upon a very large series of skulls, and that my own 
observations, so far as they had been carried, were in 
complete accord Avith his, I desisted. Topinard, after 
rejecting all doubtful cases, includes in his record 595 
human skulls, 120 anthropoid apes, and a very" large 
number of lower apes. 

He finds tliat was quadricuspid, with a well-marked 
oblique ridge in 99 per cent, of human skulls taken without 
distinction of race. 

M.j had 4 cusps in GC per cent. 

» >> >> 

>» ^ »» 

(By is meant 3 Avell-devcloped cusps with an indication 
of the fourth.) 

M;; had 4 cusps in 37 per cent. 

JJ ,, >>11 >> >> 

, >> ” >> >> >> 5 » 

• • i) K 

>> - » » " » >> 

and was totally irregulai* in G. 

Ml is constant in all races. 

Ma has the normal 4 cusps in 79 per cent, of Malays, 83 of 
New Caledonians and New Hebrideans, 78 of Melanesians, 
73 of Australians and Tasmanians ; but the percentage falls 
to 58 in European, Semitic and Egyptian skulls, and to 
68 in Chinese and Japanese. 

For loAver molars he gives for all races. 

M^ 5 cusps in 82 per cent. 

* 4i „ ,, 4 ,, ,, 

4 >> }> 10 >> » 

i • 
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cusps ill 24 per cent. 


I) 

» 

M» 5 „ 

4 | „ 


„ 10 
„ 64 
46 

.. 6 
„ 31 


if 

ii 

if 

a 


'rhus Xli retains its type strongly, though less decidedly 
so than Mj. • 

Ms is distinctly a quadricuspid tooth, but less constantly 
than is qiiinqicuspid. 
x\nd M.^ is variable. 

^ had 4 cusps in 72 per cent, of Melanesians, 69 of 
Egyptian groups, and only .*16 per cent, of European skulls. 
It had 3 cusps in 56 per cent, of Chinese and in 47 per cent, 
of Negroes and Australians. 

Thus, as he remarks, the third upper molars tend to 
be ‘‘disordered” in almost all races. 

The race comparisons come out thus : — 

Tn Europeans il, is getting away from its original type, 
this occurring in only 6 1 per cent, of them. Polynesians have 
the full five cusps in 91 per cent.; Chinese and Japanese in 
K7 i^er cent.; Melanesians in 86 per cent., Negroes in 88 per 
cent, and Egyptians in 77 per cent. , 

has the typical four cusps in Egyptains fn*75 per 
cent.; in Europeans in 60 per cent.; in Negroes in 52 per 
cent.; in Polynesians in 52 per cent., and in Japanese in 
44 per cent. ; whilst it has five cusps in 33 per cent, of 
Melanesian skulls ; in 30 per cent, of Malays, and in 37 
per cent, of Chinese and Japanese. 

From his observations he concludes that the teeth of 
man are in process of transformation, the lower molars 
tending towards a quadricuspid type with a crucial fissure, 
and the upper towards a tricuspid type. 

Tn the former it is the fifth cusp which, from comparison 
with the teeth of apes, he holds to primarily originate in 
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the middle line, in a bifurcation of the posterior arm of the 
cross, but to tend to displacement to the outer aspect of 
the crown more and more, which disappears. 

In the upper molars it is the postcro-internal cusp 
which disappears, so that the tooth terminates backwards 
with the oblique ridge. 

When it is further reduced to two cusps, it is by the 
fusion into one of the antero- and postero-external cusps : 
this manner of suppression of cusps brings the human tri- 
cuspid molar into close resemblance to the tritul)ei;pulate 
lemurine tooth ; but, as is set forth in the footnote below, 
he by no moans agrees with Osborn in the determination of 
the homologies of the cusps severally (^). 

It is held by (^opc to indicate that the upper molars of 
European races show a tendency to revert towards the 
Eocene trituberculate lemurine tooth. 

The range of variation in the size of the jaws of healthy, 
otherwise well-develoi)od adults is great : thus the smallest 
jaw (occurring in a man of stout build, above middle height) 
with which I am acquainted measures in width only hj inch, 
and in length from back to front 1| inch; Avhile the largest 
(occurring in a gentleman of lesser stature ; of Basque ex- 
traction, moreover, which makes it the more striking) (-) 
measures 'no less than inches in width and inches in 
length : and even larger dimensions are recorded in the 
“Dental Cosmos” of September, 1876; the width being 
taken between the centre of the alveolar borders at the 

(') Topinard holds that the antcro-extenial cusp is the Protocone, both in 
tip'per and lotver molars^ therein dilfering from Osborn, and tliat the postero- 
external is the Metatfone, the Paraconc being absent in Primates, and both 
the internal cusps being secondary acquisitions. He states that in both 
jaws in development the antero-extcrnal is the first to appear, and long 
keeps a preponderance, the antero-intcmal following, then the postero- 
external, and much later the postero-iuternal. 

(*) Magitot (Bullet, de la Soc.. Anthropol. de Paris, 1869) says: — “Les 
Basques' par exemjde, remarquables par la petitesse extreme de 
leurs dents.” 
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position of the wisdom teeth, and the length being measured 
on a line drawn from the incisors to another line joining 
the two wisdom teeth. 

On the whole, it must be said that there are fewer 
constant differences between the teeth of the various races 
of mankind than might have been h ^priori expected ; in 
fiict, we may almost say that the teeth of savage man are 
j)retty mucli what we should look upon as an exceedingly 
perfectly formed set of teeth if we were to see them in the 
moutl^ of a European. 

Sir W. Flower (Journ. Anthropol. Instit., March, 1885), 
has investigated the relation of the size of the teeth to that 
of the skull very closely, with the result of bringing out 
certain race distinctions. As measures for comi)arison he 
takes the length of the cranio-facial axis, measured from 
the front edge of the occipital foramen to the naso-frontal 
suture, and the length from the front of the first premolar 
to the back of the third molar in situ. His “Dental Index’’ 
is arrived at thus ; 

Dental Index = Teeth x 100 

Cranio-facial axis 

This gives figures ranging from 42 (microdont), 43 (meso- 
dont), 44 and upwards (megadont). 

As in the female the skull is smaller whilst thef teeth arc 
the same, a sliglitly higher index is arrived at in them : 

The Microdont races are — 


Euroi)ean. 

British. 

The Mesodont arc — 
Chinese. 

American Indian. 
And the Megadont — 
Melanesians. 
Andamanese. 


Egyptian. 

Polynesian. 


Malays. 

Negroes. 


Australian. 

Tasmanian. 
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As to this classification it is to be remarked that the teeth 
of Polynesians arc actually lai^er than those of Europeans, 
but the cranio-facial axis is of extreme length, so that the 
index is reduced ; this is also the case with the American 
Indians, whilst the Andamanese are brought into the Mega- 
doiit series by the relative size of teeth to the basis cranii, 
though in tliis small people the teeth are actually small. 

The dental index of Megiulont races being from 44-47, 
that of the chimpanzee is little more than the highest of 
these, namely 47 '9, whilst the orang rises to 55, an{l the 
gorilla to 54, but in the gorilla the index is as low as 41*7. 
It is, however, the opinion of the African traveller Mr. 
Stanley, tliat the teeth of African races vary in accordance 
with the build of the individual, and particularly with the 
size of the jaws, such small races as the Somalis having 
small teeth. It does not appear, however, that these 
impressions arc based upon actual exact measurement, but 
only upon gencrid appearance. He mentions that many of 
the races who show no regard for cleanliness otherwise, 
assiduously clean their teeth. 

It now remains to describe the teeth of man in detail. 

The teeth of the upper jaw are ranged along a curve of 
larger dimensions than those of the lower, the incisors 
passing In “front of the corresponding lower teeth, and the 
external cusps of the bicuspids and molars closing outside 
those of the lower teeth. 

There are, however, some points of detail to be noted in 
the relation borne by the upper to the lower teeth, besides 
that comprised in the general statement that the former lie 
outside the latte^, by which it is brought about that each 
tooth is antagonised by portions of two teeth in the other 
jaw, and has therefore not merely a single opponent. 

The upper incisors and canines, when the mouth is closed, 
owing tp the larger size of the arch in which they are arranged, 
shut over and in front of the lower teeth, concealing the 
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upper thirds of their crowns ; while the external tubercles 
of the bicuspids and molars of the lower jaw are received 
into the depressions between the external and internal 
tubercles of the similar teeth in the upper jaw, thus allow- 
ing the external tubercles of the upper teeth to close 
externally to the outer tubercles of the lower row. 

From this arrangement of the tubercles, Ave are enabled 
ill mastication to use the Avhole surface of the crowns of the 
opposing teeth ; the act of mastication being performed by 
brinjyng the external tubercles of the under molars opposite 
to those of the upper row ; Avhencc, by the lateral motion 
of the under jaw inwards, their extenial tubercles pass down 
the inclined surfaces of the external, and up those of the 
internal tubercles of the upper teeth, crushing in this action 
any interposed substance. 

It will also be observed that, from the difference of width 
in the incisors of tlie two jaws, the central incisors of the 
upper extend over the centrals and half of the laterals of 
the under row', and that the superior laterals lie over the 
remaining lialf of the inferior laterals and the anterior half 
of the canines of the low'er jaw. The upper canines close 
over the halves of the lowrer canines a.nd first bicuspids, 
while the first bicuspids impinge on the lialF of the first jand 
half of the second bicuspids of the lower row. Tlfe second 
upper bicuspids close upon the anterior third of the opposing 
lower first molans and the posterior halves of the second 
bicuspids. 

The upper first moLars oppose the posterior two-thirds of 
the first, and one-third of the second molars of the lower 
jaw, w’hile the second upper molars close upbii the unoccupied 
posterior third of the second and the anterior third of the 
wisdom teeth. The Avisdom tooth of the upper being 
smaller in size than that of the loAver jaw is perfectly 
opposed by that portion of the hatter left unoccupied by 
the second upper* molar tooth. 
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By this admirable arrangement no two teeth oppose each 
other only, but each tooth in closure of the jaw impinges 
upon two, so that should a tooth be lost, or even two alter- 
nate teeth, still the corresponding teeth of the opposite jaw 
are to some extent opposed, and thus remain useful. For 
when a tooth is wholly unopposed, a process is apt to be 
set up in the jaw by which the useless organ is gradually 
ejected. • The direction of the teeth in the upper is vertically 
downwards and slightly forwards, while those of the lower 
ja\v are placed vertically, the molars tending slightly 
inwards. 

For the purpose of description three parts of the tooth 
are distinguished by name, viz., the crown, neck, and root. 

This distinction of parts which we make in describing 
human teeth, when wo speak of crown, neck, and root, is 
applicable to the great majority of mammalian teeth, though 
there are some few simple forms of teeth in which -no such 
differentiation of parts can be seen. 

The crown is that portion which is exposed above the 
borders of the gxim, and is in human teeth coated with 
enamel ; the neck is that portion which corresponds to the 
edge of the gum, and intervenes between the edges of the 
bony sockets and the edge of the enamel ; the root is that 
part which <s enclosed within the bony socket, and is covered 
by cementum. 

Of these it is to be remarked that the “ neck,^' although 
a convenient and necessary term for descriptive purposes, 
marks an arbitrary division of less im])ortancc than that 
expressed by crown and root ; also that although this division 
into three parts can be made in the case of socketed teeth of 
limited growth, no such distinction of parts can be made in 
teeth of perpetual growth. 

Special names have been applied to the various surfaces 
of the crowns, as, owing to the curvature of the alveolar 
border, terms which have reference to back, front, or sides 
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would ill different parts of the mouth, indicate different 
surfaces, and so lead to confusion. 

The lips and tongue and the median line of the mouth, 
liow^ver, are not open to this objection, so the surfaces 
which are directed outwards towards the lips are called 
“labial;” and those inwards towards the tongue “lingual;” 
the interstitial surfaces arc called “ median*’ and “distal.” 

In viewing the gradational characters which existfbetween 
the various human teeth, it must not be forgotten that 
some, links in the chain have dropped out and are absent, 
Mention has already been made of the full typical number of 
mammalian teeth being 44, i.e. 


I. 


3 1 4 3 

y c y prm. y in. y = 


44 


Whereas man has only 

.21 23 

i y c j- pm m y = 32* 

It has been usual to suppose that the teeth which are 
missing in man are the third incisor on each side and the 
first and second premolars, but reasons have been advanced 
which throw doubt upon this conclusion as regards the 
incisors (Albrecht, Zoolog. Anzeig., 1879 ; Prof. Sir W. 
Turner, Journal of Anatomy and Physiology ^ 1885 ; A. Wilson, 
British Dental Association Journal^ April, 1885 ; Edwards, 
British Dental Association Journal^ December, 1885). From 
the study of cases of cleft palate it has been found that it is 
not at all certain that the cleft usually runs along the site of 
the suture between the intermaxillary bones and the maxilla, 
for it often appears to be well within the limits of the 
intermaxillary bone, and so lends some support to the idea 
of Albrecht that there are two intermaxillary bonei^on each 
side, and that the cleft runs along the division between 
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them. And it is far from uncommon for a tooth of incisor 
type to lie beyond the cleft and close against the front of 
the canine ; to this tooth Sir W. Turner, pending decision 
as to its homologies, give the name of precanine. The 
argument put briefly is this j a tooth outside the cleft and 
close to the canine is so common of occurrence that its 
position there must be due to something other than accident, 
the norifial number of incisors not being exceeded. But 
there is a case on record in which this precanine existed 
although there were four incisors upon the intermaxMlary 
portion, which was isolated by a double cleft; in this 
specimen, therefore, the i^recanine was evidently of the 
normal mammalian dentition, and it is therefore not unlikely 
that it is always so ; if this inference be correct, then- the 
lost incisor in man is probably i*. 

Incisors. — Of tliese there are four in each jaw ; tw^o cen- 
tral, tw’o lateral incisors. Their working surfaces form 
Avedges, or obtuse and blunt-edgecl chisels, calculated to 
divide food of moderate consistency. 

Upper Incisors. — The centrals are very much larger 
than the laterals, and viewed either from the back or front 
taper witli some regularity from the cutting edge to the 
poinf of the root, the neck not being marked by strong con- 
striction.* The crown of the tooth, as seen from the front, is 
squarish, or more strictly, oblong, its length being greater 
than its breadth. 

The median side, by which it is in contact with its fellow, 
is a little longer than the distal, so that the median angle of 
the crown is a little lower, and, as a necessary consequence, 
a little more acute* than the distal angle of the cutting edge. 
Near to its base the crown nan’ows rather abruptly, so that 
near to the neck a space is left between the contiguous 
teeth. 

The Iqbial surface is slightly convex in each direction, and 
often presents two slight longitudinal depressions, which end 



THE TEETH OF MAN, 


' m 

at the cutting edge in slight notches, though in well-formed 
typical teeth these grooves are not distinguishable. 

In recently-cut teeth the thin cutting edge is elevated into 
three slight cusps, which soon wear down and disappear after 
the tooth has been in use. 

The edge of an incisor may be regarded as formed by the 
bevelling off of the dentine of the lingual surface, which is 
nearly flat from side to side, with a slight tendenoy to con- 
cavity, while from above dow'iiwards it is distinctly concave, 
and pften presents longitudinal depressions similar to those 


Fig. 212 (^). 



on the labial surface. The lingual surface terminates towards 
the gum in a distinct prominence, oftentimes amounting 
to a bounding ring of enamel, termed the hasaUridge, or, in 
the language of comparative anatomy, the vinguium. It is 
variable in the extent of its development; it rarely rises 
into a central prominence at the back, but in the angle 
where the ridges of the two sides meet a deep pit is some- 
times left in the enamel, which is a favourite site for caries ; 
though this again must be regarded as a departure from the 
normal. The crown, or what amounts to the same thing, 
the enamel, termiiiJites on the lingual and labial aspect of 
the tooth in a curved line, the convexity of the curve being 

(') Front and side view of a left iipitcr central incisixr. 
u. Distill surface. h. Neck. c. Hoot. 
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directed upwards towards the gum ; on the interstitial 
surfaces, both median and distsxl, the cuiTe is less regular, 
and its contour would be more correctly described as 
V-shapcd, the apex of the V being towards the crown of the 
tooth and away from the gum. The dentist will do xvell to 
remember the disposition of the enamel in this situation, as 
it is a point of some importance in shaping the cervical edge 
of a cavity preparatory to filling it. 

The transverse indentations of the enamel met with both 
on lingual and labial surfaces, though more especially in the 
latter, are marks of arrest of development, and, common as 
they are, are to bo regarded as abnormalities. 

The central incisors are larger than the laterals, though 
not in so great degree as is the case in the anthropoid apes. 

The pulp cavity bears a general resemblance to the ex- 
ternal contour of the tooth ; towards the cutting edge it is 
very thin, and is prolonged at its two corners to a slight 
extent into ** cornua ; ” at the neck it is cylindrical, and is 
also cylindrical in the root, tapering gradually till it ap- 
proaches close to the apex, when it becomes suddenly 
constricted. 

Upper lateral incisors are in every dimension some- 
what smaller than the centrals. They widen somewhat 
abruptly near to the cutting edge, but below this they taper 
pretty regularly to the end of the root ; the labial surface is 
convex in each direction, while the lingual surface is perhaps 
rather flatter than that of a central incisor. 

The outer (distal) angle of the crown is far more rounded 
or sloped away than in the centrals, and the distal surface, 
looking towards tlie canine, is in a slight degree convex ; the 
median surface may be slightly concave. ' 

The enamel terminates towards the gum in contours pre- 
cisely similar to those wdiich obtain in the centrals : but 
the basal ridge, or cingulum, is often more strongly pro- 
nounced, and the presence of a central tifbercle upon it is 
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less infrequent. From this greater prominence of the cin- 
gulum and consequent more marked depression in front of 

Fia. 213 (1). 



it, caries is more frequent upon the lingual surfaces of upper 
lateral than upon those of upper central incisors. 

The pulp cavity is, relatively to the whole tooth, pcrhaijs 
a little larger than in the centi*al incisors ; in other respects 
the same description will suffice. 

Lower central incisors are very much narrower than 
those of the upper jaw ; not more than half the width at 
their cutting edges, which again are much wider than the 
necks of the teeth. 

From before backwards they are deep at the neck ; hence 
Fio. 214 0). 

f 

tlie fangs are very much flattened from* side to side, and 
rotation is inadmissible in the attempt to extract them. 

The enamel contour at the neck is similar to that of the 
upper incisors, but there is no well-marked cingulum. 

(b Front and side view of a left upper lateral incisor.* 

(2) Front find side view of lower central incisor. 
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Lower lateral incisors are, unlike tlie upper teeth, dis- 
tinctly larger then the centrals in each one of their dimen- 
sions, but more especially in the length of their roots, which 
are much flattened, and often present on their sides a median 
longitudinal depression, sometimes amounting to an actual 
groove. 

The distal angle of the crown is rounded off like that of 
the uppt-r lateral incisors, though not so markedly. 

Canines, Cnspidati, Eye Teeth, arc in all respects 
stouter teeth than the incisors ; not only are the clowns 
thicker and stronger, but the roots arc very much longer. 


Hw. 21.5 (1). 



The crown terminates in a blunt point, which lies in a 
straight line with the long axis of the root ; a feebly pro- 
nounced line or ridge runs down the outer surface of tlie 
tooth from this point to the neck. The crown slopes away 
both before and behind the point or cusp, but as that side 
of the tootli which lies next to the bicuspid is convex, and as 
it .w^erc produced towards that tooth, the slope is longer on 
the distal than on the mesial half of the crown. The crown 
thus not being perfectly symmetrical renders it easy to 
determine at a glance to which side of the mouth the canine 
belongs. 

The internal or lingual surface is not concave like that of 

(1) Lingual, labial, and distal surfaces of an upper canine, showing the 
basal cusp and the three ridges which converge tow aids it. . 
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the incisors, but is in a slight degree convex, and a median 
ridge runs down it from the apex of the cusp ; this ridge 
where it meets with the ridge which borders the lingual sur- 
face and corresponds with the cingulum of the incisor teeth, 
is often developed into a well-marked prominence or cusp. 

In transverse section the neck is nearly triangular, with 
the angles rounded, the outer or labial being much wider 
than the lingual aspect. • 

Lower canines are less pronounced in form than the cor- 
respoTiding upper teeth; the point is more blunted, the 
fang shorter, the perpendicular labial ridge not traceable, 
and the want of symmetry between the mesial and distal 
halves of the crown less marked. The lingual surface has 
perhaps a greater tendency to concavity. 

Fremolars, Bicuspids, are eight in number, two on 
each side of both upper and lower jaws, and they correspond 
to the third and fourth premolars of the typical mammalian 
dentition, the first and second premolars not being repre- 
sented in man (‘). 

Upper Fremolars. — The crowui, as seen looking upon 
its grinding surface, is roughly quadrilateral, its outer or 
labial border being, however, larger and thicker than its 
inner, and the teeth are carried round the curve of ^he 
alveolar border mainly by means of this difference’ in size 
in the external and internal portions of the canines and the 
two bicuspids. 

As is implied by its name, the crown has two cusps, of 
which the outer is the larger, stouter, and broader. The 
outer and inner surfaces (labial and lingual) are convex and 
smooth, with no basal ridges at the edge of ’the gums. It is, 
however, not uncommon, especially in the lower races of 
mankind, to see some indication of a median ridge upon the 
labial surface, defined by slight grooves upon either side. 

The inner and outer cusps are not joined by a .ridge; 

(1). Mr. A.S Wileon* holds that pm. 1 and pm. 4 have disappeared. 



A MANUAL OF DENTAL ANATOMY. 


instead of this there is a deep transverse fissure, the ends 
of which turn somewhat abruptly outwards towards the 
labial aspect of the tooth ; in point of fact, the cingulum 
has been elevated to form the inner cusp, and forms slight 
elevations bordering the anterior and posterior (median and 
distal) edges of the grinding surface. The median surface, 
where it fits against the canine, is concave. 

The root is single, and much compressed from side to 
side : very often, however, it is double for the greater part 
of its length, and if not so divided is often marked by a 
groove upon each side indicating a tendency towards such 
division. The outer border of the root is also often 
marked by a longitudinal furrow*^, which may amount to 

Fio. 216 p). 

8 

complete division. The tendency to division is so frequent 
both in low'er and higher races that it may be regarded as 
almost normal. In fact, a bicuspid may have three perfectly 
distinct roots, like a molar, and like the premolars of 
monkeys, in wdiich three is the normal number of roots. 
The first bicuspid is more variable in respect of its roots 
than the second. 

It is thought by Topinard that in the passage from a 
three-rooted to a single-rooted type the postero-external root 
is lost, the antero-external and internal roots becoming 
fused. 

The second upper bicuspid differs from the first in that 
the difference in size between its outer and inner cusps is 
less, the inner cusp being relatively considerably larger, 
and indeed often preponderating over the labial cusp in 
length, so that the labial and lingual surfaces are nearly equal. 

(*) Ghinding surface of an upper bicuspid. 



TEE TEETH OF MAN. 


499 


The pulp cavity in the crown is furnished with distinct 
cornua ; at the neck it is very much flattened from side to 
side, being often reduced to a mere fissure, which is, how- 
ever, considerably larger at its two extremities than in its 
middle. Hence the pulp cavity of an upper bicuspid is 
difficult to fill ; a difficulty again increased by the impos- 
sibility of always discovering w'hat number of fangs it has, 
as their division sometimes takes place rather high up. 

Lower premolars are smaller teeth than those . of the 
upper* jaw, and are quite distinct in sliapc. 1Mic outer or 
labial cusp is bent inwards, and the labial surface of the 
crown is very convex. The inner cusp is very feebly deve- 
loped, and is connected with the outer by a low ridge ; it is 
also narrow, so that the tooth is triangular as looked upon 
from above. 

The root is rounded, a little larger on its outer side than 
on its inner, and tapers regularly towards its point ; the 
pulp cavity is cylindrical at the neck, and also tapers regu- 
larly in the root. The cornu of the pulp, which corresponds 
to the inner cusp, is but feebly developed. 

The second lower bicuspid differs a good deal from the 
first ; its crown is much squarer and larger in all its dimen- 
sions. The inner cusp reaches to a higher level and is 
stouter, and the greater development of the ridges which 
bound the anterior and posterior borders of the grinding 
surface makes it attain to such a large size as to make the 
tendency towards a transition from the bicuspid type to the 
quadricuspid type of a true molar very evident. , 

Having completed the brief description of the forms of 
these several teeth, it is worth while to note one or two 
general characters of the series. The differences between a 
well-marked incisor, canine, or premolar are so strongly 
pronounced that the resemblances which underlie them are 
apt to be overlooked, and it might be supposed that in shape 
they had little in dommon. 


• K K 2 
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Nevertheless a very distinct gradation may be traced, and 
it is far from uncommon to meet with teeth which possess 
in a marked degree transitional characters. If the external 
or distal angle of a lateral incisor be sloped off more than 
usual, while at the same time its cingulum and basal pro- 
minence be well mjirked, it makes no bad imitation of a 
diminutive canine ; and such laterals are often to be met 
withby'any who search for such deviations from the normal 
form. 

Thus the form characteristic of a lateral incisor, ijf it be 
a little exaggerated, very nearly gives us the form of a 


Fig. 217 ('). 



canine ; indeed, if wo look at the teeth of an Orang tlie lateral 
incisor is to all intents a diminutive canine ; and in the 
present discussion the great comparative size of the canine, 
which is traceable to readily intelligible causes, may be put 
aside, as it tends to obscure the point to bo here insisted on. 

Between the canines and the bicuspids a similar relation- 
ship in form exists, and it is more apparent in the lower than 
in the upper jaw. The fact that at the base of the inner or 
lingual aspect of the canine may be found an elevation of the 
cingulum, in mady instances amounting to a low cusp, has been 
already noted ; and it has already been pointed out that the 
inner cusp of the first lower bicuspid is both smaller and lower 
than the outer, indeed often can hardly be said to exist. A 

(}) Lower first bicuspid, .seen from the inner side, and showing the pre- 
ponderance of its outer Over its inner cusp. 
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longitudinal section through the crowns of the two teeth will 
demonstrate without the necessity of further description 
that the basal cusp of the canine and tiie inner cusp of the 
bicuspid arc the same thing, differing only in degree, while 
it is interesting to note that the pulp chamber in the 
bicuspid has hardly any prolongation towards the small 
inner cusp, so that the resemblance between the two teeth 
is thus made more complete. • 

This close relationship of canines and bicuspids has 
been ponsidered in the chapter on the Homologies of the 


Fio. 218 (*). 



Teeth ) for our present purpose it will suffice to merely point 
out its existence. The transition from the biscuspids to the 
molars is more abrupt ; at least it is not so easy to point 
out exactly how a modification of the one would arrivj3 at 
the form of the other. But it merely needs an eiajgeration 
of the differences existing between a canine and a first 
bicuspid to make a good imitation of a second bicuspid. 

If anyone will take the trouble to make mental note of 
the deviations in form which he meets with in teeth, he will 
find that they almost invariably consist of approac'iies 
towards the form of the teeth on either ^ide of them ; and 
wdll infallibly bo led to the conclusion that incisors, canines, 
and bicuspids are not three patterns of teeth perfectly 
distinct, and each mi generis, but that they are modifications 

(}) Section of a lower canine and first bicuspid, showing the 'characters 
common to the two. 
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of 0110 and the same pattern. I may add, that comparative 
odontology teaches ns the same thing, and demonstrates 
clearly the substantial identity of the three forms, as also of 
the true molars. 

Upper molar teeth have crowns of squarish form, the 
angles being much rounded oflF. It may be premised that 
the first molar is more constant in shape than the second 
(it was regular in 99 per cent, of skulls examined), and this 
latter than the third ; with this i)roviso the first and second 
may be described together. ^ 

The masticating surface carries four subcqiial cusps, two 
labial or external and two lingual or internal ; the anterior 
internal cusp is distinctly the largest, and it is connected 
with the posterior external cusp by a thick oblique ridge 
of enamel, the remaining two cusps having no such con- 
nection. 

This oblique ridge on the upper molars is met wdth in 
man, the anthropoid apes, and certain New World 
monkeys. 

The grooves which separate the cusps pass down on to the 
labial and lingual surfaces of the crown, but are lost before 

Fig. 219 (») 

isp 

reaching the gum ; where they terminate, however, there is 
often a pit, which is a very favourite situation for caries, 
especially on the labial aspect of the teeth. It is very rare 
to see the grooves passing down upon the mesial or distal 
surfaces of the crown, a raised border of enamel generally 
cutting them short in this direction. 

(') MaHticating surface of a first upper molar of the left side; the 
oblique ridge connects the anterior internal with the posterior external 
cusp. 
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When one cusp is suppressed, it is always the postero- 
internal, the tooth then ending with the oblique ridge. 

The roots are three in number, two external or labial, and 
one internal or palatal. The latter is the largest, and runs 
in a direction more strongly divergent from the axis of the 
crown than tlie other roots. It is directed obliquely 
inwards towards the roof of the palate, is subcylindrical, and 
often curved. * 

The external roots are less cylindrical, being mutually 
compressed, so that their largest diameter is transverse to 
the dental arch; the anterior is rather the larger of the 
two, and is more strongly pronounced on the side of the 
neck of the root. Tlie anterior labial root is occasionally 
confluent with the palatine root, but still more frequently 
the posterior labial and palatine roots are confluent : 
occasionally, also, four distinct roots may be met with. 

Third molars, dentes sapientuHy wisdom teeth, of the 
upper jaw, resemble in a general way the first and second 
molars, that is, when they are well developed and placed 
ill a roomy dental arch. But amongst more civilised races 
it may almost be said to be exceptional for the wisdom teeth 
to bo regular either in form or position, so that extreme 
variability prevails among these teeth, ^ 

The two inner tubercles are often blended together and 
the roots confluent, forming an abruj^tly tapering cone, the 
apex of which is often bent and crooked, so that but little 
vestige of the three roots can be traced, the pulp cavity 
even being quite single. 

Lower molars. — The first lower molar is the most con 
stant in form, and is somewhat the largest ; its grinding 
surface presents five cusps. 

Four cusps are placed regularly at the four corners of a 
square, these being divided from one another by a crucial 
fissure ; the posterior arm of the crucial fissure bifurcates, 
and between its diverging arms is the fifth cusp, which may 
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occupy the median line, but more often is somewhat to the 
outer side ; it is distinctly visible when viewed from the labial 
aspect. 

The transverse fissure passes over the limits of the grind- 
ing surface, and on the outside or labial surface of the tooth 


Fig. 220 (»). 



may end in a pit, which is a common site for caries ; 
although it occasionally passes over the lingual surface, it is 
here less pronounced. They are implanted by two roots, 
placed anteriorly and posteriorly ; the roots are much 

Fig. 221 (2). 



flattened from before backwards, and they are very usually 
curved slightly backwards. In the median line of each root 
there is usually a groove, by the deepening of which four 
fangs may be projiuced ; or this may happen with the one 
root only, so that a three-rooted tooth is the result. The 

(1) Masticating surface of a first lower molar, right side, the five cusps 
of which arc indicated by figures. 

(2) Second lower molar of right side, the four cusps being indicated by 
figures. The tooth figured is not so square as it should be, its posterior 
cusps as well as its posterior root being smaller than the normal. 
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first lower molar has five cusps in 82 per cent, of all 
skulls examined. 

The second molar does not greatly differ from the first 
save that the roots are more often confiuciit, and the fifth 
cusp less marked, even if it exists at all. It is present in 
about 24 per cent, of skulls. 

Third lower molar. — This tooth is seldom so small as 
the corresponding upper tooth, and its crown is often large 
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even when its roots are very stunted. It has five cusps as 
a rule, and bears a more or less close resemblance to the 
molars which precede it. It is either two-rooted, or if the 
roots be confluent, a groove usually marks a tendency to 
division into two fangs. 

It is stated by Prof. Owen (“Odontography,” page 454), 
that although the wisdom tooth is the smallest of the three 
molars, the difference is less marked in the Melanesian than in 
the Caucasian races, adding also that the triple implantation 
of the upper and the double implantation of the lower is 
constant in the former races. More extended observations 
have overthrown this statement as a positive dictum to be 
accepted without exceptions, but it moy nevertheless be 
taken as expressing a general truth. 

In lower molars the inner, and in the upper tlie outer 
cusps are the longer. 

The milk teeth differ from the permanent teeth by being 


{}) 'Third lower molar of the left side. 
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smaller, and having the enamel terminating at the neck 
with a thick edge, so that the neck is more distinctly con- 
stricted. The incisors and canines are somewhat similar to 
their successors, the canines, however, being relatively 
shorter and broader than their successors. The first upper 
molars have three cusps, two external and one internal : the 
second more nearly resemble the permanent molars. 

The second lower deciduous molar has four cusps and 
resembles a second lower permanent molar. The roots of the 
deciduous teeth diverge from the neck at greater angles 
than those of permanent teeth, in consequence of their more 
or less completely enclosing between them the crypts in 
which tlie latter are developing. 



CHAPTER XXL 

THE MAXILLARY BONES. 

The teeth are implanted in bone specially developed for 
the purpose ; they lie at the period of their eruption in a 
wide excavation in the l)onc in which they are free to 
move under the influence of very slight forces, and the bone 
in which they are held w^as moulded around their roots sub- 
sequently to their being formed and moved into position. 

The manner of attachment of the human teeth is that 
termed ** gomphosis,” i.e., an attachment comparable to the 
fitting of a peg into a hole ; the bony sockets, however, 
allow of a considerable degree of motion, as may be seen* by 
examining the teeth in a dried skull, the fitting being in the 
fresh state completed by the interposition of the dense 
periosteum of the socket. This latter, by ita elasticity, 
allows of a small degree of motion in the tooth, and so 
doubtless diminishes the shock which would be occasioned 
by mastication were the teeth perfectly immovable and 
without a yielding lining within their bony sockets. When 
this becomes inflamed and swollen by exudation the tooth is 
pushed to a certain degree out of the socket, and so being 
to a less extent limited in its range by the bony socket, 
acquires an increased mobility. 

The teeth are in all mammalia confined to the bones 
which carry them in man, namely, the intermaxillary and 
maxillary bones and the lower maxillary bone or mandible. 
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As full descriptions of these bones (') will be found in 
any general anatomical work, only points in their anatomy 
Avhich directly concern the dental student will be mentioned 
here. 

The alveolar process is a strong wide ridge of bone, curved 
so as to form with that of the other maxillary bone the 
elliptical figure characteristic of the dental arch in the 
.higher races. It may be described as consisting of two 
plates, an outer and an inner, which are connected by 
numerous transverse septa, the sockets of the teeth Jbeing 
formed by the interspaces between these septa. The internal 
alveolar plate is the stronger, the external the thinner and 
weaker, a fact of which we take advantage when we extract 
a tooth by bending it slightly outwards. On the outer sur- 
face of the alveolar process are eminences corresponding to 
the roots of the teeth, and depressions in their interspaces, 
apt to be especially marked over the canine teeth ; while 
between the teeth the alveolar processes attain to a lower 
level, so that the margins of the bone arc festooned. 
Looking down into an empty socket, the bone is seen to be 
everywhere very porous, and to bo perforated by foramina 
of considerable size, while at the bottom there is the 
larger foramen admitting the vessels and nerves of the 
tooth. * • 

The alveolus of each individual tooth consists of a shell 
of comparatively dense bone of small thickness, which is 
imbedded in a mass of loose spongy bone ; this dense shell 
comes into relation with the dense cortical bone of the 
jaw mainly at its free margin, near to the neck of the tooth. 
Over very promin6nt roots a portion of alveolus is at times 
wanting, so that in a macerated skull the root is exposed to 
view. 

(1) Mach that is of great interest, and that is not to he found in text 
hooks, is Embodied in a series of papers on **The Facial Region,” by Dr. 
Harrison Allen (American Dental Cosmos, 1873-74). * 
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The upper maxilla servos to give form and support to the 
soft parts of the face, and also to carry the upper teeth. 
These have to be rigidly fixed, while the teeth of the lower 
jaw are brought forcibly against them with more or less of 
shock. And whilst these blows have to be received, and 
esisted, .and ultimately borne by the cranium, it is 


Fitf. 223 (*). 



obviously desirable that they should be distributed 
over a sufficiently wide area, so as not to be felt un- 
pleasantly. 

The ascending nasal process is very stout, and serves to 
connect the maxilla strongly with the frontal bone, wdiich 
also in the region in question is powerfully developed ; the 
thick malar process gives rigidity and resistance to lateral 
movements of the jaws, and carries off the strains to, the 
lateral walls of the cranium ; it is buttressed at the back by 
the pterygoid processes. 

Taking next the various surfaces of the bone, there are 
four, or, if we include the palatine aspect, five : the external, 

(1) Superior maxillary bone of right side. 1. Body. 2. ^'uberosity. 
7. MaUir process. 8. Nasal process. 12. Alveolar process. 
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forming a large part of the face, the superior or orbital, the 
internal or nasal, and the posterior or zygomatic. Upon the 
external or facial surface we have to note the eminence 
caused by the socket of the canine tooth (“ canine emi- 
nence ”), and immediately behind this a depression, the 
canine fossa, through which the antrum is sometimes 
punctured. The alveolar border, from the situation of the 
• third mdlar to that of the second bicuspid, gives attachment 
to the buccinator muscle ; while immediately beneath the 
margin of the orbit is the infra-orbital foramen, w/ience 
issues the infra-orbital nerve ; hence this is one of the 
situations to which neuralgic pain really dependent on the 
teeth may be referred. 

The orbital and nasal surfaces concern us only through 
their relation to the antrum, to be presently described ; in 
the zygomatic surface, which is convex and forms part of the 
zygomatic fossa, are several orifices transmitting the posterior 
dental nerves and vessels ; a groove which, converted by the 
.apposition of the palate bone into a canal, forms the pos- 
terior palatine canal j and at the bottom, a rounded 
eminence, the maxillary tuberosity, which lies behind the 
wisdom tooth, and has been occasionally broken off in 
extr^icting that tooth. 

The bo'dy of the bone is excjivated by an air-chamber, the 
antrum, which is coated in life by a continuation of the nasal 
mucous membrane, and this frequently becomes secondarily 
involved in dental disease, so that its anatomical relations 
are of great importance to the dentist. 

Like the somewhat similar air cavities in the frontal bone 
the maxillary sinus does not attain to its full size, relatively 
to the rest of the bone, until after the age of puberty, 
although it makes its appearance earlier than the other 
nasal sinuses, its presence being demonstrable about the 
fifth month of foetal life. Hence it follows that its walls arc 
thicker in the young subject than in the adtilt ; and, accord- 
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ing to the observations of the late Mr. Cattlin (*), it is some- 
what larger in the male than in the female. 

It is very variable in size, so that out of one hundred 
adult specimens the above-mentioned writer found one 
which would only contain one drachm of fluid, Avhilc in con- 
trast with that was another which held eight drachms ; two 
and a half drachms being the average capacity. Althougli 
it is exceedingly variable in form as well as in size,* it tends 
towards a roughly pyramidal shape, the apex of the pyramid 
being* directed towards the malar bone, which it h.as been 
seen to encroach upon, and the base towards the nasal 
cavity ; it is, however, useless to minutely describe its form, 
inasmuch as the two antra in the same individual are some- 
times quite dissimilar. The floor of the cavity is rendered 
uneven in most specimens by prominences corresponding to 
the roots of the molar teeth, which ordinarily are but thinly 
covered by its bony walls, while it is not by any means rare 
to find some of them actually bare. 

The cavity is also more or less completely subdivided by 
bony partitions springing from its walls, as is well exem- 
plified in the accompanying figure ; these partitions are for 
the most part thin, but they occasionally attain to consider- 
able thickness, and they are stated to occur most frequently 
at the anterior or posterior angles of the b'ase of the 
pyramid. 

On the base of the pyramid is the orifice by which it opens 
into the middle meatus of the nose ; this orifice being partly 
closed in by the ethmoid, palate, and inferior turbinqted 
bones, and also by soft parts, so that in a recent subject it 
will barely admit a goosequill ; and it should be noted that 
this orifice opens into the antrum near the top, so that it 
does not afford a ready means of egress to fluids accumulated 
in the cavity. 

Through this orifice the mucous membrane lining the 
(') ^‘Transactions of the Odontological Society," vol. ii. 1857. 
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antrum is continuous with that of the nasal fossee, and, like 
that, it is ciliated ; but it differs from it in being thinner 
and less vascular. 

The teeth which usually come into the closest relation 
with the antrum are the first and second molars, but any of 
the teeth situated in the maxillary bone may encroach upon 
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its walls, and I have more than once seen an abscess, origi- 
nating at the apex of the fang of a lateral incisor, pass back- 
wards and perforate the antrum. 

Its walls have four aspects, namely, towards the orbit,, 
the nose, the zygomatic fossa, and the face, while its floor is 
formed by the alveolar border. With the exception only of 
the latter, its walls are very thin ; and this exception has an 
important practical bearing in the diagnosis of tumours in 
this region, as accumulations of fluid or morbid growtlis 
really situated in the antrum bulge any or all of its w^alls in 
preference to the alveolar border, whereas tumours springing 
from the base of the sphenoid or elsewhere and encroaching 
upon the antrum, push down and distort the alveolar border 
as easily as any of the other walls of the cavity, inasmucli 
4is the pressure caused by them is not transmitted equally 
in all directions, as is the case when the medium transmit- 
ting the power is a fluid. 

(^) Section of an antrum of the left side, divided into many poaches 
by bony septa, and extending into the malar bone. Drawn from a 
specimen iVi the collection of Dr. Maynard, in the possession of the Bal- 
timore Dental College. *’ 
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The lowdr maxilla or mandible consists of a body and 
two rami, which ascend almost i)erpondicularly from its 
posterior extremity. The horizontal portion or body is 
curved somewhat in a parabolic form ; it has a convex ex- 
ternal and concave internal surface, and an upper (alveolar) 
and a lower border. On the convex facial surface we have 
to note the ridge marking the position of the symphysis, 
and below this the mental prominence. Externally’ to this, 


Firt. 225 (>). 



below the line of contact of the iirst and second bicuspids 
(or a little below or behind this point) is the mental foramen, 
which constitutes the termination of the inferior dental 
canal. Running obliquely u[) wards, and first visible at a 
point a little distance from the mental prominence is the 
external oblique line, which becomes merged in the base of 
the coronoid process. Where it rises as high as the alveolar 
border, opposite to the third and sometimes the second 
molar, the outer alveolar plate is strengthened by it, so that 
it becomes- less yielding than the inner plafe. The student 
should bear this fact in mind when extracting a lower 
wisdom tooth. 

(q Lower Maxillary Uoiic. 2. RamuH, where masseter is attached. 
3. Symphysis. 5. Mental foramen. 6. Kxternal oblique line. S. Angle 
of jaw. 9. Internal oblique line. 10. Coronoid process. 11. Condyle. 
12. Sigmoid notch. 13. Inferior dental foramen. 
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The buccinator is attached to the alveolar border opposite 
to the molar teeth ; the platysma myoides to the outer side 
of the lower border along a region somewhat further 
forward : the masseter over the whole outer lace and border 
of the ascending ramus, and the temporal to the apex and 
side of the coronoid process. The .other muscles attached 
to it are facial muscles of expression. 

On t'he inner surface of the body arc four tubercles, 
situated in pairs in the median line, about opposite to the 
ends of the roots of the incisors, but somewhat variabjp both 
in position and in size in different individuals. The upper 
pair of tubercles give attachment to the gcnio-hyo-glossus, 
the lower to the genio-hyoid muscles j they arc interesting 
to the dental student not only as giving attachment to 
muscles concerned in deglutition, but as affording convenient 
fixed points for measurements of the relative growth of parts 
of the jaw. Beneath these genioid tubercles lie the slight 
depressions which give attachment to the anterior belly of 
the digastric muscle, while between the two points alluded 
to commences the internal oblicpic line, which runs obliquely 
upwards and backwards, becoming more pronounced as it 
extends backw’ards, and terminating at the inferior dental 
fommen. This internal oblique ridge marks the line of 
growth of the condyle (see Development of the Jaws), and 
give attachment to the mylo-hyoid muscle, which forms the 
floor of the mouth, in all its length. Thus the bone above 
the ridge belongs strictly to the mouth, that below it has 
mjore relation with cervical structures. The depression for 
the sublingual ghand is above this line, consequently this 
gland is visible from the mouth ; that for the submaxillary 
gland is beneath it and further back. 

The surface of the ascending ramus gives attachment 
to the following muscles : at the neck of the condyle to 
the external pterygoid ; on the inner face of the coro- 
noid process, as far down as the level ‘ of the top of the 
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crown of the wisdom tooth, to the temporal ; on the inner 
side of the angle, over a large surface, to the internal 
pterygoid. 

The orifice of the inferior dental canal is rough and 
spinous, giving attachment to the internal lateral ligament 
of the jaw, while beneath and behind it is the groove for the 
mylo-hyoid vessels .and nerves ; the canal runs forward in 
the bone, a little distance beneath the ends of tlid roots of 
the teeth, and emerges at the mental foramen, turning out- 
wardj at an angle to reach it, and sending onwards small 
canals, to the incisors, not traceable far. It is nearer to the 
outer than to the inner surfiice of the jaw in the latter half 
of its course, and is .apt to be very close to the ends of the 
roots of the wisdom teeth, and to those of the bicuspids. 
The alveolar processes of the lower jaAv, at their posterior 
part, diverge more widely than those of the upper jaw, the 
relative antagonism between the upper and lower teeth 
being preserved in this region by the former having an in- 
clination outwards, the latter inwards. ^Pho ascending rami 
join the body at an angle which is very obtuse in the foetus, 
nearly a right angle in the adult, and once .again obtuse in 
advanced old age ; the explanation of this change has been 
given under the head of the Development of the Jaw. ^ 

The articulation of the human lower jaw is i)eculiar, and 
allows of a degree of play unusual in a joint. The ovoid 
condyles, when the jaw is at rest, are lodged in depressions, 
the glenoid fossce of the temporal bone, formed partly by the 
squamous and partly by the vaginal portions of the bone. 
The posterior half of the cavity is rough, and lodges a por- 
tion of the parotid gland: the anterior* is smooth, and is 
bounded in front by the emimrvtia articularis, which is the 
middle root of the zygoma, enters into the formation of the 
joint, and is coated over by cartilage. Between the condyle 
of the lower jaw and the temporal bone lies a moveable inter- 
<irti(mlar fihro-caftilage^ which is an irregular bi- concave oval 

L L 2 
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plate, the edges of which are united with the capsular liga- 
ment, so that the joint is divided into two cavities, furnished 
with separate synovial membitines (unless when, as some- 
times is the case, the fibro-cartilage is perforated in its 
centre). 

The joint is described as having four ligaments : the 
capsular, stylo-maxillary, internal and external lateral 
ligamenfs. 

The capsular ligament is but feebly pronounced, and 
hardly deserves the name ; the stylo-rnaxillary reachesr from 
the apex of the styloid process to the angle of the jaw ; the 
internal lateral from the spine of the sphenoid to the 
margins of the inferior dental foramen ; the external lateral, 
which alone is a ligament strictly proper to the articulation, 
reaches from the outer side and tubercle of the zygoma to 
the outer surface of the neck of the condyle. 

The form of the articulating surfaces and the comparative 
absence of retaining ligaments combine to allow of a variety 
of movement] unusual in any other than a ball-and-socket 
joint. The articulation acts as a simple hinge when the jaw 
is simply depressed, and this is the only motion possible in 
many animals, as in typical carnivora. When, however, the 
mouth is ojpened to the fullest possible extent, the condyle 
leaves the glenoid cavity, slides forward, and rests on the 
articular eminence, the interarticular fibro-cartilage being 
carried forward with it. The passage of the condyle on to 
the articular eminence, although always taking place when 
thp lower jaw is excessively depressed, takes place sometimes 
with but little depression of the lower jaw, which then passes 
horizontally forward ; or it may take place on the one side 
only, giving to the jaw the lateral movement so useful in 
mastication. In the mastication of food the various move- 
ments are combined, or succeed one another with great 
rapidity ; the lateral movements are not very extensive, the 
outer cusps of the lower teeth of one side 'being brought to 
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antagonise the outer cusps of the upper tcetli, and then 
being made to slide forcibly down the sloping surfaces of the 
latter till they return to their normal antagonism ; when 
one set of muscles is tired the same process is gone through 
on the other side of the mouth. 

The closure of the jaw, and the rotatory and oblique 
motions, are accomplished by four pairs of very powerful 


Fig. 226 (i). 



muscles ; these are antagonised by muscles comparatively 
feeble and indirect in their application. 

The closure of the jaws is effected by the masseters and 
the temporals, attached to the outer sides of the jaw ; and 
the external and internal pterygoids, attached to its i^ner 
sides. 

The masseter, temporal, and internal pterygoid muscles 
close the jaws and press the tcetli against one another, and 
this is their principal action. They are antagonised by the 
digastric, the mylo-hyoid, and the genio-hyoid muscles, wh^chi 
aided perhaps by the platysma, depress the lo>ver jaw when 
the hyoid bone is fixed by its own depressor muscles. 

The external pterygoid draws tlie jaw forward, and so in 
some measure tends to open it ; as the two muscles do not 
ahvays, or indeed generally, act together, they give a lateral 

(^) Pterygoid muscles. 1. Upper, and 2. Lower heads o/ external 
pterygoid muscle. 3. Intenial pterygoid muscle. 
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movement to the jaw. The superficial portions of the 
masseter and the internal pterygoid are ordinarily supposed, 
as their direction is slightly backwards, to assist in drawing 
the jaw forwards ; but Langer, a recent investigator of their 
action, attaches very little importance to this, and indeed 
considers that, when the jaw’ has been pulled forwards by 
the external pterygoid, the combined action of the internal 
pterygoid, the temporal, and the masseter, may bring it 
back again. 

In ordinary mastication the various movements are com- 
bined in every possible manner. 

When the mouth is widely open the condyles play upon 
tlie articular eminence in front of the glenoid cavity, and 
the external pterygoid, which assists in wddely opening the 
mouth, draws not only the condyle, but also the inter- 
articular fibro-cartilage forwards, so that the latter still 
intervenes between the condyle and the articular eminence. 
The interarticular cartilages do not, however, accompany 
the jaw in its extreme movement, but are believed only to 
pass forwards as far as that part of the eminence which is 
slightly hollowed out. As, however, in dislocation they 
accompany the condyles, this supposition may be in- 
correct. 

r 

The pbsftion of repose is neither complete closure nor 
opening of the jaws ; in persons with enlarged tonsils the 
habitual position is one with the mouth somewhat more 
widely open, owing to the difficulty of breathing through 
the^ nose ; a fact which often caxises an irregularity in the 
disposition of the teeth. 

The axis on Avhfch the jaw moves is, owing to the bend of 
the ramus, far behind the glenoid cavity ; it lies very nearly 
in a plane formed by prolonging the plane of the masticat- 
ing surface of the teeth. 

The ipotions executed in mastication differ much according 
to the nature of the food ; hence it happens that in different 
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animals the muscles of mastication arc very variously 
developed. 

Thus, in the Herbivora, which move their jaws greatly 
from side to side, as anyone may observe for himself, the 
pterygoids, and especially the external pterygoid, attain to 
a very large relative size. 

On the other hand, in the Rodents, which move their 
jaws l)ackward and forward in gnawing, the masseter is 


Figs. 227 , 228 (*). 



enormously developed, and has a very marked gpi^eral back- 
ward direction. 

Although it is not strictly true, the masseter and 
temporal may be said in mammals to be developed in an 
inverse ratio to one another : when one is large the other is 
not. • 

The masseter is at a maximum in Carnivora, which have 
little lateral movement possible to their jaws ; the temporal 
is also highly developed in many of the class. 

In the great apes, the temporal becomes enormously 
developed only at the period of second dentition ; this fact, 


Conilyle* of the lower jaw, and glenoid fossa of a tiger. 
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conjoined with its size, which in Herbivora seems to have 
some relation to tlic presence or absence of canines, would 
incline one to suppose that it was useful in that rapid 
closure of the mouth a])propriate to biting when animals 
light or seize prey. 

Tlie form of the glenoid cavity also bears an intimate 
relation to the dentition of tlie animal, and the nature and 
extent of ‘the movement of its jaws. 

Thus, in a child it is nearly flat, with no well-marked 
surrounding elevations ; its axis is transverse, and , little 
rotary motion is made use of. In the adult it is deeply 
sunk : the axis of the condyle is oblicpie, and rotary move- 
ments arc largely made use of in triturating food. 

In the Felida', it is strictly transverse ; their teeth, 
adapted for slicing but not grinding, would gain nothing by 
lateral motion, which is rendered (piito impossible by the 
manner in which the long transverse condyles are locked 
into the glenoid cavity by strong processes in front and 
behind. Curiously enough the interarticiilar cartilage 
is present, but as the condyle never moves forward, 
the cartilage is not attached to the external pterygoid 
muscle. 

In Herbivora the condyle is roxindish, the ascending 
ramus long^ the pterygoid muscles large, and the glenoid 
cavity shallow^ ; in the whale, which of course docs not 
masticate at all, there is no interarticiilar cartilage, and no 
synovial membrane ; the articulation is reduced to a mere 
ligamentous attachment. 

"rtie harder a sid)stance is, the farther back betiveen the 
molars it is placed ) and as the food escapes from between 
the teeth it is consttintly being replaced by the lips, cheeks, 
and tongue, the l)Uccinator muscle being largely concerned 
in this work of preventing morsels of food from escaping 
from the ,teeth during its mastication. 

Just as the muscles of mastication vary hi their relative 
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development in accordance with the food to be dealt with, 
so also do the salivary glands. 

As a rule herbivorous creatures have large parotid glands ; 
that is to say, those creatures which deal with the driest 
food and masticate it the most have this gland largely 
developed. For instance it is very large in Ruminants ; in 
herbivorous Marsupials it is larger, in the carnivorous 
section smaller, than the submaxillarics. When an "especially 
viscid fluid is required, as, for example, that which lubricates 
the ^pngue of an ant-eater, this is furnished by exceedingly 
large submaxillary glands. 

Tlie face is to a very great extent modelled by the form 
of the maxillary bones, and these again are found to be 
largely influenced by the dentition of tlie animal, so that it 
comes to be true to say that the face of an animal largely 
depends upon its dentition. Thus, to take a lion as an 
example, the snout is broad owing to the wide separation 
between the canines, which gives them a good purchase in 
grasping a living prey ; its shortness enables them to be 
used at a greater mechanical advantage than would be the 
case were they further removed from their fulcrum at the 
joint, and the breadth of the face below the eyes is conferred 
by the widely spreading zygomatic arches, which are obliged 
to be wide to give passage to the very powerfiif temporal 
muscles, and attachment to the masse ters. 

Without going into further details, which the reader can 
readily supply for himself, it will be seen that the contour 
of the face is largely determined by the dentition in ^this 
instance, and it is in marked contrast with the long thin 
snouts of the insectivora, whose forcc*ps-like front teeth 
as a rule merely pick up unresisting prey, or with the long 
weak snouts of the horse and the Herbivora generally. The 
face of the boar, again, is largely determined by the great 
muscles which move the jaw, and by the bony .processes 
w’hich give attachment to them. 
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If you extend the jaws forward a little, and project the 
teeth, and widen the mouth in man, you get a coarse animal 
type of face ; and, conversely, by a reduction of the maxillary 
region, perhaps even below the limits which will afford space 
for the regular disposition of the teeth, you get a refined 
oval type of face. The jaws of a negro are large relatively 
to the cranium, as are also those of exceptionally big men, 
such as we call giants, though this is not universally true ; 
in rickets the reverse is the case. 

The nerves of the teeth are derived from the branches of 
the fifth nerve, the nerve of sensation of the whole side of 
the -face and head : the lower teeth through the inferior 
maxillary nerve, the upper through the anterior and 
posterior dental branches of the superior maxillary nerve. 
The nerves are given off from the nerve trunks in bundles 
corresponding in number to the roots of the teeth for which 
they are destined. For the details of the distribution of the 
fifth nerve the student must refer to works treating of 
anatomy, as it would be out of place to enter upon the 
subject at length in these pages, in which merely one or two 
matters of special interest to the dental student will be 
touched upon. 

Ii\ the case of the inferior maxillary nerve the roots of 
the teeth come into very close proximity with the main 
trunk of the nerve \ this is especially the case with the 
lower wisdom teeth. Within a few days of writing these 
lines I extracted a lower wisdom tooth (with forceps) for a 
gentleman, who, immediately after the extraction, inquired 
if he could have bitten his lip, as it felt swollen ; on testing 
it I found slight but well-marked numbness on that side of 
the lip and chin, which did not wholly subside before he left 
me. In this case a groove upon the under surface of the 
much curved roots appeared to indicate that the nerve trunk 
was in close contact with the tooth. 

No reason is at present known why the footh pulp should 
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(') Diaoram of the Distbihltion of the Branches or the Finn Nerve, 

(From Tomes' “ Lectures on Dental Physiology and Surgei-y "—drawn by Mr. C. De Morgan.) 

A. Ophthalmic division :-l. Frontal. 2. Nasal and long ciliary. 3. Branches to ciliary ganglion. 

B. Sopwior iMrill«ry divi»ioii :;-4. OrLital j 2"™' \ 6'. (Metkel’s) g«iigllo... 

ri Poaterior dental. nassinE down. 7, 8. Anterior dental. 9. Infra-orbital. 

C. Inferior maxillary division 10. Auriculo-temporal. 11. Masseteric. 12. Deep temimral. 13. Pte^* 

irS^tobnccinabn-.&c. 15. GustStoit. 16 . Mylohy.Al branch. 17.- Inferior dental. 

18. Mental. [Tufucv p. 522. 
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be 80 richly supplied with nerves, unless it confers greater 
tactile sensibility upon the whole tooth. Teeth with per- 
sistent pulps which go on growing throughout the life of the 
animal, have always large nerves : thus a very large trunk 
goes to the pulp of a rodent incisor. But although in this 
case the rich nervous supply doubtless has to do with nutri- 
tion, and presides over the great formative activity of the 
tissue, this does not fully account for the pulps of the teeth 
of limited growth being so amply supplied with nerves. 

As.Jias been mentioned in the description of the lower 
maxillary bone, the inferior dental nerve emerges from the 
bone b}^ the mental foramen, near to the end of the roots of 
the bicuspid teeth. Pain due to distant causes is often 
referred to the point of emergence of a nerve, as is so 
frequently exemplified in supraorbital neuralgia ; in the 
same w’ay pain due to diseased teeth far back in the lower 
jaw^ (especially to wisdom teeth), is frequently referred to 
the bicuspid region. Curiously enough, though there is no 
apparent close parallel in the dis])o.sition of the nerves, a 
similar rcferciico of pain to the bicuspid region is occasionally 
observed in the upper jaw. And it may be added that there 
is very probably some closer parallel in the minute disposi- 
tion of the nerve fibres going to tlie teeth in the upper and 
lower jaws than is recognisable by rough anafoihical pro- 
cesses, for wdiilc, to all appearance, the nerve trunks are 
dilferently arranged, it is a matter of almost everyday ob- 
servation to find pain due to one tooth referred with precision 
to its fellow in the other jaw. 

The lower teeth derive their vascular supply from the 
branches given off to each tooth by flic inferior dental 
artery, itself a branch of the internal maxillary ; the upper 
teeth derive their arteries from the superior dental, a part 
of the alveolar branch of the internal maxillary, which 
supplies the molar and bicuspid teeth ; and the frgnt teeth 
from the descending branch of the infraorbital, the vessels 
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thus having an arrangement somewhat analogous to that of 
the nerves. 

The distribution of the veins corresponds closely to that 
of the arteries. 

No lymphatics have been traced into the teeth, though 
lymph spaces are described by Dr. Black as existing in the 
alveolar dental periosteum. This, however, is doubtful, as 
another Explanation has been given of the appearances 
observed (cf. page 127). 


Tomes, J. Lectures on Dental Physiology and Surgery. 1 S48. 
Harrison Allen. Anatomy of the Facial Region, Dental Cosmos, 
1H71. 

Cattlin. Anatomy of Antrum. Trans. Odontological Society, 
1S57. 

Black. Periosteum and Peridental Membrane. Chicago, LSSJ. 
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THE TEETH OF MARSUPIAJJA. 

Thj great sub-class of Marsupials, consistin^r of aTiimals very 
sharply marked oft* from placental Mammals by many striking 
peculiarities, and amongst others by the very helpless condition in 
which the foetus is born, was once very widely distributed over the 
globe. Now, however, Marsupials are numerous only in Australia, 
where they are almost the sole representatives of the Mammalian 
class ; there are a few Marsupials elsewhere, as in America 
(Opossums) and in New Guinea ; but there are no Marsupials in 
Europe, nor in most parts of Asia, and Africa. 

It was once supposed that a good many mesozoic Mammals 
known only by their jaws were Marsupials, but some doubt is now 
felt upon the subject, as they may have been Monotremes. The 
opinion that although Marsupials in former ages were very widely 
distributed, placental Mammals are not descended directly from 
them, is gaining ground. 

The Marsupials of America are all Opossums {liidrlphUhr^^ and 
this family is not represented in Australia. There is evidence to 
indicate that the Marsupials of i\merica have nothing at all to do 
with the Australian Marsupials, but were derived fr<in?» a difiRerent 
source, at the time when Marsupials abounded all over Europe. 

The Marsupials of Austrsftia almost monopolise that country ; 
thus Mr. Wallace says of it : *• The Australian region is broadly 
distinguished from all the rest of the globe by the entire absence 
of all the orders of non-aquatic mammalia that abound in the old 
world, except two — the Winged Bats {Chiniptrrtt), and the equally 
cosmopolite Rodents. Of these latter, however, only one family is 
represented — the Muridas — (comprising the Rats and Mice), and 
the Australian representatives of these are all of small or moderate 
size — a suggestive fact in appreciating the true character of the 
Australian fauna. 

In place of the Quadrumana, Carnivora, and Ungulates, which 
abound in endless variety in all the other zoological regions under 
equally favourable conditions, Australia possesses two new orders 
or sub-classes, Marsupialia and Monotremata, found nolvhere else 
in the globe, except a single family of the former in America. 
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“ The Marsupials are wonderfully developed in Australia, where 
they exist in the most diversified forms, adapted to different modes 
of life. Some are carnivorous, some herbivorous, some arboreal, 
others terrestrial. There are insect-eaters, root-gnawers, fruit- 
eaters, honey-eaters, leaf or grass-feeders. 

“ Some resemble wolves, others marmots, weasels, squirrels, flying 
squiiTels, dormice or jerboas. 

“ They are classed in six distinct families, comprising about thirty 
genera, and subserve most of the purposes in the economy of nature 
fulfilled ^n other parts of the world by very different groups ; yet 
they all possess the common peculiarities of structure and habits 
which show that they are members of one stock, and have no real 
affinity with the old-world forms, which they often outwardly 
resemble.” — •■Geographical Distribution of Animals,” i^. 


I have (quoted this passage from Mr. Wallace, because 
much of it is applicable to the teeth. 

Ill Australia, the present home of the Marsupials, repre- 
sentative species abound ; that is to say, widely different 
though the animals really are, there are many genera and 
species which have the habits of, and, as it were, fill the 
place of such creatures as the Carnivora and Insectivora and 
Rodents amongst the placental Mammalia. And not only 
do they possess something* of their habits and external con- 
figuration, but in those characteristic structures which are 
subservient to the creature’s immediate wants, the marsupial 
representatives closely mimic the more highly organised 
placentaf Mammals. Thus the teeth of an insect-eating 
Marsupial very closely resemble those of a true Insectivore, 
though retaining certain eminently marsupial characters ; 
in the same way the dentition of the marsupial Thylacine 
mimics that of a dog (compare Figs. 230 and 231). 

And although marsupial dentitions do vary very much, 
yet there are many transitional forms by which we are some- 
times able to trace the successive modifications through 
which extreme divergence has been ultimately attained. 

Just as we ascribe to placental Mammals the formula — 
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as the typical or parent dental formula, so recent Marsupials 
possess the following — 




m 



An excess over these numbers is, however, more common 
than in placental Mammals ; thus, the opossums have ten 
incisors in the upper and eight in the lower jaw ; the 
Thylacine, very dog-like in its dentition, has ei^ht upper 
incisors, whilst the little ant-eating Myrmecobius mounts up 
to a total of fifty-two or fifty-six teeth, having eight or nine 
molars and premolar teeth on each side of the jaw. 

Though no living Marsupial lias more than three pre- 
molars, it may be presumed that four was the original 
number, as in placental Mammals, and Mr. Oldfield Thomas 
has found in Dasyurus and in Phascologale dorsalis a fourth 
tooth, in the position of pm.^ ; he infers, therefore, that it is 
pm a v/hich has been lost by recent Marsupials, and further 
points out that a marked gap exists in this situation in 
Didelphys, Perameles, and others, 

Mr. M. AVoodward (Proc. Zool. Soc., 1893) has examined 
by means of serial sections, as well as by clarifying the 
whole jaws in clove oil, a very fine series of marsupial 
embryos. He has found that in Petrogalc (one oj the 
kangaroo family) there are no less than six incisors in the 
premaxillary, of which three were minute calcified vestigial 
teeth, while the other three were in the stage of tooth germ 
only, but were of far larger size. 

But after careful investigation he is fully convinced ^that 
they are not teeth of two dentitions, but that they certainly 
all belong to the first or milk series ; only three of these 
bave become rudimentary, and will be absorbed before they 
cut the gum. 

He considers that the functional incisors are — 
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therein differing from Oldfield Thomas’ determination of the 
functional teeth, and that — 

ia i.-* 

are become vestigial. 

Moreover, he holds that there are five premolars ; this is 
less of a difficulty than it would otherwise be as the recent 
Myrmec(^l)ius has eight or nine cheek teeth on each side, and 
the ancient Ampliilestes had twelve, of which, judging by 
form, six would l)e classified as premolars. To this question 
of ])remolars we shall have to recur in discussing the 
question of their milk dentition. 

Though the total number of functional teeth is the same 
as in placental Mammals, the Marsupial has only three func- 
tional prcmolars and has four true molars. The premolai’s 
(false molars) differ from the true molars in the greater sim- 
X)licity of their crowns, just as in most placental Mammals ; 
but, although, looking at the complete adult dentitions, no 
hesitation would bo felt in classing the teeth under the heads 
of premolars and true molars, yet there is a curious anomaly 
in the succession of the teeth which applies to the Trhole of 
the sub-class Marsupial ia, and to some extent invalidates the 
definition of “ premolar ” as applied to their teeth. Only 
one of the premolars (tlic hindmost) has vertically displaced 
another tooth. From this it has been argued that the whole 
milk dentition of Marsupials consist of four milk molars (one 
on each side of each jaw), there being no succession among 
incisor nor canines in any known Marsupial. It is further 
pointed out by Professor SirW. Flower, who was the first to fully 
describe these [)ecuharities in the succession of marsupial teeth 
(“ Phil. Trans.,” 1867), that the extent to which the solitary 
displaced molar is developed varies much in the different 
families : no trace of any succession has been observed in the 
Wombat ^ in the Thylacine (a dog-like creature) the small 
deciduous molar is calcified, but is absorbed *or shed prior to 
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any other teeth being erupted ; whilst in the Kangaroos it 
is retained till a much later period (see page 541), and in the 
Kangaroo Eat (Hypsipiymnus) the deciduous molar has not 
yet given place to its successor at the time when the last 
permanent molar has come into place, so that it for a long 
time ranges with the other teeth and does work. 

This subject has been further investigated by Mr. Oldfield 
Thomas, who has found that the Dasyuridie prpsent the 
same deciduous dentition as the other families, that is to 
say, that some have a well-developed deciduous molar, and 
that it occurs in various phases of reduction, some having 
none at all (Phil. Trans., 1887). This author writing of 
Phascologale, one of the Dasyuridao, says : — 

“ The normal state of a member of this group is to have 
three well-developed premolars, the last one of which has a 
(milk) predecessor. Then a tooth reduction has taken place, 
all of which has fallen upon what is evidently a peculiarly 
plastic tooth, t.e,, pm 4 , and this, with the (milk) tooth pre- 
ceding it, has been decreased in various degrees and in the 
end suppressed, as in the allied genera Dasyurus and Sarco- 
philus.” (Oldfield Thomas.) 

Those species which have a large pm 4 have preceding it a 
tricuspid (milk) tooth, but as pm 4 gets reduced, the (milk) 
tooth preceding it is reduced still faster till it quite aborts : 
even then the pm 4 presegits the peculiarity of not being 
erupted, and indeed not being calcified, until later than the 
other teeth. 

The question whether the tooth change of the marsupials 
is the remnant of a more complete change in an ancestral 
form, or is the dawning of a more complete change, was dis- 
cussed at length by Mr. Oldfield Thomas. 

That it is the first formation of a change he formerly held 
strongly, (i.) because the marsupials are at a lower stage of 
evolution than other mammals, and so it would be unlikely 
that they had onpe evolved a change, and then evolved it 
away again, seeing that is clearly useful to placental m^mals^ 
# '•mm 
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(ii.) because five out of the six marsupial families have pre- 
cisely the same amount of tooth change,' which would bo 
unlikely if it were an atavism, (iii.) and, because no fossil 
marsupials present any indication of a fuller change, but 
have just the same. 

This peculiarity of the possession of a single changing tooth 
was fully established even in Mesozoic times, as is exemplified 
in Triacanthodon and other Mesozoic marsupials. 

Mr. Oldfield Thomas suggests as an explanation, that 
there first took place a retardation of a back permanent 
tooth, perhaps useful for “ packing ** purposes in a jGw as 
yet small, and that when the retardation had gone to a cer- 
tain point, a milk tooth was developed to fill the gap in the 
series wdiich would otherwise have existed. 

But in the face of the discoveries of Kiikenthal, Rose, 
Leche and others, Mr. Oldfield Thomas has abandoned 
(p. 327) this position, and accepts the view as now incon- 
testable that the functional dentition of marsupials is homo- 
logous with the milk dentition of true Diphyodonts, there 
being a single permanent or successional tooth developed on 
each side of the jaw. More light has been throwm upon the 
subject by the very interesting paper of Mr. Woodward : he 
finds that even the single successional tooth germ develops 
direfttly ixoia the primitive tooth band, between pnig and pm^ 
as they are usually supposed to be : he therefore believes that 
it really belongs to precisely the same scries as the others, 
and that it is delayed by being crowded out. This suggestion, 
i,e. that it really belongs to the same series as the other 
teeth, this being the milk series, seems much more probable 
than that just one single tooth of a different series should 
attain to the very full development that it does in some 
genera. 

Rose comes somew'hat near the same idea, as he urges that 
in some species of Didelphys, Perameles, &c., it has been 
shown that no tooth change takes place ^fter the rule laid 
doTO by Flower and Thomas, but that a late tooth thrusts 
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(^) Enamel and dentine of a Kangaroo (Ma^ropus major). 

The dentinal tubes in the dentine (A) arc famished with numerous short 
branches at the line of juncture with the enamel ; they are dilated, and a 
little bent out of their course, while beyond the dilatation they pass on 
through about two-thirds of the thickness of the enamel in a straight 
course and without branches. Only a part of the whole thickness of the 
enamel is shown in the figure. B. Enamel penetrated by* the tubes. 
0.^ Individual dcntiilal tube. 
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itself up into the row between two of the others without the 
absorption of any of them, so that the question arises whether 
there is any real tooth change in marsupial^, in the ordinary 
accepted sense of the word. 

The reasons for regarding the functional teeth of 
marsupials as a persistent milk dentition have been already 
given (p. 327). 

A furt];ier peculiarity of the marsupials is the structure of 
their enamel, which is penetrated by the dentinal tubes. 
My father, some years ago, described and figured the teeth 
of a large number of marsupial genera (Phil, l^ans., 
1850), and found that although in the different families the 
tube system of the enamel varied in its richness and in the 
depth to which the tubes penetrated, yet it was con- 
spicuously present in the whole class, with the sole exception 
of the Wombats, in whom nothing of the kind is to be found. 
Prof. Moseley s specimens have afforded to me the opportu- 
nity of studying the development of this tubular enamel, and 
the result of my investigations will be detailed elsewhere ; 
but it may be mentioned that the formation of the enamel 
tube appears to be precisely analogous to that of a dentine 
tube, and at a certain period the enamel cells have appended 
to them long processes like the dentinal fibres. The dila- 
tation noticeable at the boundary line of the enamel and 
the dentine (see Fig. 229) is a kind of clumsy joint brought 
about by the coalescence at this point of the tube-forming 
cells — on the one side odontoblasts, on the other enamel cells. 

It is said by Von Elmer that the tubes in marsupial 
cnsftnel are not in the axes of the prisms, but run between 
them, but this is a point upon which it is not a little diffi- 
cult to be certain ; I am inclined to doubt it. 

The Marsupials are grouped into : — 

Polyprotodonts. Incisors numerous, smjill and suboqual ; 
canines pronounced ; and molars strongly tuberculated, in 
many sharp cusped, e.g, Didelphys. 
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Diprotodouts. — Incisors not more than often y, and 

sometimes as low as y. The first upper and the lower 

incisors are large, with cutting edges. 

Upper canines absent or small, lower absent. Molars 
bluntly tuberculatcd or ridged, e.fj. Kangaroo. Under the 
Diprotodont division come the Wombats which* have all 
their teeth with persistent pulps, and their incisors, rodent- 
like, with enamel on their front surfaces only. 

Among tlie Polyprotodont series there exists one genus of 
flesh-eating marsupials whose ferocity is such as to have gained 
for them the names of wolf and tiger, while the resemblance 
of the head to that of a dog has given origin to the popular 
name of “ dog-headed opossums ” (*). 

The resemblance to the dog in dentition is even more 
close than in external form : whilst retaining certain mar- 
supial attributes, the teeth of the Thylacine are, so far as 
their working capabilities go, almost exactly like those of the 
dog. The dental formula is — 

4 13 4 

iycypym-y 

The incisors are small, close set, and sharji edged^ the 
outermost being somewhat caniniform. The canines are 
stout, pointed teeth, not quite so long relatively as those 
of a dog. The prcmolars are conical teeth, implanted by 
two roots, and very similar to those of the dog ; they are 
followed in the upper jaw by four molars, increasing in. size 
from the first to the third, but the last true molar is again a 
smaller tooth. 

The upper molars are all of the “ carnassial ” pattern ; 
there is a “blade” elevated into subsidiary cusps, and 
internally to this a “ tubercle,” supported by a thin root. 

(^) It has, uf course^no real relationship to the true bpossumti, which are 
not found in Australia. 
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The lower molars also bear some resemblance to the car- 
tiassial teeth of the dog, consisting of strong, sharp-edged 


Fig, 230 (>). 



blades, with anterior and posterior subsidiary cusps, the 
latter being somewliat broad and tubercular. 

An allied animal (Dasyurus ursinus), though smaller than 

(0 Upper and lower teeth of the Tbylacine. The rudimentary milk 
molar, which is absorbed before birth, has been placed over the third or 
lut .of the {fremolars, which succeeds to it rertically. 

(^) Upper and lower teeth of a Dog (Canis Dingo). 
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the Thylacine, and having teeth of a less sectorial character, 
is so destructive to sheep and so fierce and untameable, that 
it has earned the name of Tasmanian Devil.’’ 

Within the limits of the same genus, a species (Dasyurus 
viverrinus) is to be found, in which the molar teeth are 
studded over with long sharp cusps, like the teeth of 
Insectivora, a group which it resembles both in its habits 
and food. « 


Fio. 232 (’). 



A number of smaller marsupials approxinfafe in their 
dentition more or less to the Insectivorous type, whilst a 
tolerably complete chain of existing forms serves to bridge 
over the gap between the rapacious Dasyuridaj and the 
herbivorous Kangaroos and Wombats. 

Amongst the Opossums the larger species have large 
canines, and the dentition in its general features approxi- 
mates to the Dasyuridm ; they feed upon birds and small 
mammals, as well as upon reptiles and insects, though the 
smaller species are more purely insectivorous. 

{}) Teeth of Flu^colarctos cinercus. An outline figure of the skull is 
placed above to show the general rodent ” aspect of the skull. 
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Myrmccobius, a small Australian marsupial of insectivo- 
rous habits and dentition, is remarkable as having teeth in 
excess of the number of the typical mammalian dentition, 
having — 

4 13 6 

though of course there is a doubt as to their division into 
prcmolars? and molai-s. 

In the Phalangers, nocturnal arboreal animals found in 
Australia and a part of the Malay Archipelago, the capines, 
though present, are feeble ; an interspace also separates the 
incisors from the molar series. 

The lower incisors, reduced to a single pair, arc procum- 
bent, and grow from persistent pulps ; there is tlius func- 
tionally some faint approach to the character of a rodent 
dentition, as may be seen by an inspection of the fore- 
going figure, though there is a strongly-marked transverse 
condyle to tlic lower jaw. Phascolarctos cincreus has been 
shown by Mr. Oldfield Thomas to have the same reduced 
deciduous tooth as Thylacinus. 

The very sharp cusps of the molars, in the low^er jaw 
somewhat concave on their inner aspect, arc so formed as to 
long preserve their shai’piiess and accurate co-adaptation. 

The name* “ Kangaroo Rats ” (Hypsiprymnus) is applied 
to a genus consisting of about a cfozen species ; they are all 
small creatures, not much larger than rabbits, but having 
the general proportions of Kangaroos. They are quiet, 
gentle little creatures, of strictly herbivorous habits, and 
they are interesting to the odontologist as possessing a 
dentition which throws some light upon several anomalous 
extinct forms, whoso habits and affinities have been the 
subject of much controversy. 

The dental formula is — 

3 114 

jc-^pyrn j. V 
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The first pair of upper incisors are sharply pointed, are 
directed nearly vertically downwards, and grow from per- 
sistent pulps. The second and third do not grow from 
peraistent pulps, and their worn crowns do not attain to the 
same level as those of the first pair. 

All three pairs are antagonised by the single pair of large 
procumbent lower incisors, of which the sharp points meet 
the first pair of upper incisors, while the oblicpicly-worn 
surface behind the cutting edges impinges against the second 
juid third upper incisors. 

The arrangement of the incisors, and the sharpness of 
their cutting edges, are calculated to effect the same objects 
as those attained by the incisors of a rodent ; a still closer 
resemblance would be brought about by the dwindling 
(which occurs in other genera) and final disappearance of 
the second and third upper incisors, and a compensating 
extra development of the first pair. 

The canines are not large ; yet they are not so small as 
to be termed rudimentary ; in the lower jaw they are 
absent. 

Only one premolar exists in the adult, and this is a very 
peculiar tooth ; its crown is very long from back to front 
(at least twice as long as any of the molars, and in .some 
species as long as three of the molars), and consists of a 
finely furro>Ye(l blade widi a sharp edge ; the blades of the 
upper and lower teeth slide over one another. Behind this 
there are four true molara, with sejuare cpiadricuspid crowns, 
which become much worn down by use. 

This last and only premolar, the tooth to wdiicli attention 
has already been drawn on account of* its size and other 
peculiarities, by virtue of its great size displaces not 
only the usually deciduous molar, to which it is the 
legitimate successor, but also turns out the premolar in 
front of it. , 

In this particular the succession of the teeth in the 
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Hypsiprymnus is the same as that of the true Kangaroo, 
which may be understood by a reference to Fig. 234. 

There are some extinct animals, perhaps marsupials, 
known only by their jaws, which have been the subject of 
much controversy. Professor Owen, basing his arguments 
largely upon the presence of premolars which possessed 
elongated and sharp-edged blades, held that Plagiaulax and 

Fig. 233 ('). 


nv 



Thylacoleo were carnivorous, saying of the latter that it 
]} 08 sessed the simplest and most effective dental machinery 
for predatory life kno\vii among mammalia ; Dr. Falconer, 
in the case of the first, and Professor Flow’er in the case of 
the Thylacoleo, having shown this* view to be untenable, or 
at least unsupported by adequate evidence. 

A clue to the nature of the great blade-shaped teeth of 
these extinct creatures is afforded by the form of the pre- 
molar of the herbivorous Hypsiprymuns (sec Fig. 233). The 
incisors w'ere reduced in iiuinbcr, and were large ; the teeth 
between them and the large premolar were stunted ; but 
both these points are true of the herbivorous Kangaroos. 

(^) Upper and lower teeth of Hypsipi7mnus (Bettongia) (Graii ?). The 
dentition represented is that of the adult animal, the permanent premolar 
or ?) being already in pl^*e. . • 
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The Thylacoleo differs, however, from all known animals by 
the immense size of the thin-edged premolar (worn flat in 
aged animals), and by the rudimentary condition of its true 
molars. But its incisors, lying forwards and closely ap- 
proximated in the middle line, are particularly unsuitable 
for catching and holding anything alive and struggling, 
whilst the nearest resemblance to its blade-shaped tooth is 
to be found in harmless herbivorous creatures, so* that the 
balance of evidence is much against Professor Owen’s view. 

The dental formula of Thylacoleo was — 

3 13 1 

lyc-o Py^^T 

The first upper incisor was very large, and the second 
and third very small, as were the canine and the first two 
upper premolars ; but the last upper and the only lower 
premolars (^) were great blade-shaped teeth like the large 
premolars of Hypsiprymnus, only far larger. 

Thus its useful teeth were only a pair of incisors above 
and below, and a pair of sectorial premolars. 

The Kangaroos, comprising many species of very varying 
size, arc (with the exception of a few old males) all docile 
creatures of herbivorous habits ; they in some particulars 
recall the ruminants. ^ ^ • 

Their dental formula isj— 



The three pairs of upper incisors are more equal in size than 
in the Hypsiprymnus, and the central pair do not grow from 
persistent pulps. The lovrer incisors’ are very peculiar 
teeth : they grow from persistent jnilj^s, are procumbent, 
projecting forwards almost horizontally, and are very much 
flattened from side to side, their outer surfaces being but 

(1) Lydekker BuggestB that there were other lower premolars present, 
but they were soon los^ 
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slightly convex, and their huier surfaces flat, Tvith a median 
ridge. Their margins are almost sharp. There is an un- 
usual amount of mobility between the two halves of the 
lower jaw, so that these two teeth can be to a slight extent 
separated from one another. 


Fio. 2:54 (i). 



The upper canine is often present as a very minute 
rudiment, but in no Kangaroo does it attain to a greater 
size. 

The dentition of the Kangaroo is somewhat perplexing to 
the student, for two reasons : the one, tliat tlie last or third 
premolar not only displaces the solitary deciduous molar, 
but dlso, as iai Hypsiprynmus, on account of its greater size, 
the second premolar, Avhich was hi front of the deciduous 
molar ; and, besides this, in animals past adult age, teeth 
are shed off from the front of the molar series till at last only 
the last two true molars on each side remain. 

(>) Upper and lower teeth of Halmatiirus ualabatus. The succossional 
premolar is not yet erupted, and is shown in its crypt ; when it comes into 
its place it will displace the deciduous molar, and one of the anterior pre- 
molars as well. In the uj^per jaw a rudimentary canine is shown. The 
point of the lower incisor would fit, in closure of the mouth, behind the 
long anterior upper incisor, but the width of the page did not admit of the 
teeth being, placed in .their -true relative positions without reduction in 
size. . . * . 
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Thus the dentition of the Kangaroo at saocessiye ages may 
be thus represented — 

.301^1 4 

'T°‘0 PT 

or, in all, six molar teeth. Then the third premolar displaces 


Fra. 235 (\\ 



-§-Ndt. Sizt 



the second premolar as well as the usually deciduous molar, 
and we have — 


3 

‘T 


c p y (a new one) 


4 



or, in all, only five molar *eeth. 

Then, one after another, teeth are shed off from the front 
of the molar series, just as in the Phacocliajrus (see page 369), 
till all that is left is — 

.3 0 0 2 

M ® 0 ^ 0 2 * * 


The deciduous molar of the Kangaroo is a fully-developed 
tooth, which takes its place with the other teeth, and is not 
distinguished from them by any special characters, so that 


(*) Upper and lower teeth of Wombat (Phascolomys wombat). 
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mere inspection of the jaw of a young Kangaroo having it iix 
place, at the same time with a premolar in front of it and 
four true molars behind it, would not lead an observer ta 
suspect its true nature. 

No existing creature serves to connect the Kangarooa 
closely with the Wombat, but the extinct Diprotodon appears, 
to have in a measure bridged across the gap. 

The Wombats (Phascolomys) are heavily-built, inoffensive 
creatures, which burrow in the ground and subsist largely 
upon roots. In their dentition they closely simulate the 
rodents, as they possess but a single pair of chisel-Gdged 
incisors in cither jaw, growing from persistent pulps, and 
embedded in very deep and curved sockets. These differ 
from the corresponding “ dentes scalprarii ” of true rodents 
in that there is a complete investment of cement, which 
passes over the enamel in front of the tooth as vrell as cover- 
ing its back and sides. They are unlike the teeth of other 
marsupials in their structure, as the dentinal tubes do not 
penetrate the enamel, which is, therefore, probably harder 
and denser and so less readily worn aw^ay. 

The molar teeth also grow from persistent pulps, and arc 
very deeply grooved upon their sides, so that their grinding 
surfaces are uneven. 

Their d&ntal formula is — 

1 0 1 ‘ 4 

The first tooth of the molar series is a single column,, 
wheteas the deep grooving of the others divides them 
into two columns, -so that its simpler appearance, as well 
as analogy, would indicate that it is a premolar. But 
no succession whatever has been observed in the Wombats. 

The adaptive resemblance to the dentition of the true 
rodents is exceedingly close, though the Wombat is an 
undbubtecl marsupial ; and the very closeness of the imita- 
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tion is an exemplification of the fact that adaptive charac- 
ters are very apt to mislead, if used for the purposes of 
classificatiou. 

Extinct Wombats, of very much larger size than the 
recent species, are found in the later tertiary deposits of 
Australia. 

Amongst the marsupials there is a pretty little arboreal 
creature (Tarsi pcs), not larger than a small rat, \^diich sub- 
sists upon insects and the nectar of flowers, which it reaches 
by means of a long protrusible tongue. Its molar teeth 
are riidimentary, variable in number, and arc soon shed ; the 
lower incisors, which are procumbent, are, however, retained, 
as are a few small teeth which are opposed to them above ; 
and within the last few years Mr, Kd. Stirling has discovered 
a marsupial mole. 

The wonderful diversity of the forms into which the 
marsupials have branched out in Australia seems to prove 
that they have been established in that region, and have 
been without the competition of more highly organised 
placental mammals, for a prodigious length of time \ and 
one cannot better conclude the very brief survey of the 
teeth of mammalia w hich has been attempted in this volume 
than by calling the reader's attention again to the character 
of the marsupial fauna — this microcosm, in nvhich every 
place is filled by a maraupial which mimics the placental 
mammal which it represents — for nowhere can we more 
plainly see the workings of natural selection than in areas 
thus isolated and deprived of immigrant creatures for count- 
less ages. 

In the foregoing pages mucli stress ’has been laid upon 
the variability of animals, and the agencies by means of 
which the variations have been preserved and intensified, 
so to speak, so that ultimately permanent hereditary modi- 
fications have been the result, variations be it noted not 
always small (see p. 281) ; and it is possible that in laying 
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this aspect of the matter prominently before the reader 
an impression of top great instability may haye been con- 
veyed ; and thus the teeth of creatures made to appear 
more plastic and more shifting than they really are ; for it 
is hardly possible to realise the enormous lengths of time 
during which the agencies have been at work, and without 
which they would have been powerless to produce profound 
alterations. 

f 

The process which we term inheritance is constantly re- 
producing animals which are minute copies of their parents ; 
copies which are even more exact than w'e can at firstPsight 
realise. 

Thus, even amongst different species of the same genus, 
whose teeth are apparently quite similar so far as their 
number and pattern goes, differences exist which are constant 
for the species, and which may be brought into promi- 
nence by any method of investigation which is sufficiently 
accurate. And those engaged in the practice of dental 
surgery meet with curious examples of inherited variation, 
sometimes taking the form of irregularity in the position of 
teeth, and sometimes of the absence or dwarfing of a 
particular tooth ; these abnormalities, running through 
several generations, are often presented by a large pro- 
portibn of .tlje family. 

Nature is never extravagant, qnd an organ which owing 
to altering conditions is becoming superfluous, is sure to be 
destroyed. For the operation of natural selection is just as 
necessary for the preservation of an organ which has arrived 
at a* certain standard by the process of evolution as it was 
for the bringing it yp to that standard — the remission of the 
operations of natural selection lead surely to its degradation 
and final disappearance. 

And BO it happens that whilst an organism is as a whole 
progressing, some of its parts may be becoming superfluous, 
and be retrograding, after a time coming down to the con- 
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dition of rudimentary organs. Thus it is now clear that the 
early mammalia had continuous rows of teeth, with no 
diastema ; that they were heterodont and diphyodont. 

Sometimes the teeth have advanced in specialisation : thus 
the teeth of monkeys had become differentiated and required 
a diastema, whilst in man the diastema has again disappeared, 
and there are indications of retrogression in the molar 
series. • 

Kecent discoveries have proved that retrogression is a more 
common phenomena in the teeth than was formerly supposed. 
Thus Ihe Monophyodonts and Homodonts are all examples of 
retrogression, some in one direction, some in another. Many 
examples of this retrogression might be cited : thus Proteles, 
Tarsipes, or the Walrus have their dentition greatly 
reduced. But there is no more instructive instance than the 
Oriiithorhynchus. Now this is a mammal of so low a type, 
and with so many affinities with the Sauropsida, that we 
might have fairly expected that, if it had teeth at all, they 
would have been of the simplest conical form. But instead 
of their being such, they are of comjdex form, and show 
indications of descent from some creature in which they 
were more complete, and functionally more active. 

So this discovery, instead of helping us much in our 
speculations, seems to relegate to a still more remote period 
that common ancestor whose teeth were all simple cones, 
if such there were ; and make it very certain that it is not 
in the mammalia that it is to be sought, but in some at 
present hypothetical group, which might be termed the Pro- 
mammalia. Since the section upon Trituberculism (p. 293) 
was printed, an interesting letter has appeared from Mr. E. 
S. Goodrich (“ Nature,'* May 3, 1894), in which a difficulty 
has been raised that, according to Osborn's own argument, 
inasmuch as it is admitted that monotremes, marsupials 
and placental mammals have independently originated from 
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some common ancestors, and are not in one line of descent, 
we must admit that trituberciilism must ‘have originated 
independently in different lines of descent. 

“ We might be willing to accept the tritubercular as a 
generalised, archaic, or ancestral type ; but it is out of the 
question, at the same time, to claim that it has been inde- 
pendently acquired by the groups in which it occurs. Could 
the divevgence in general structure and habits within the 
marsupials and the placentals lead to a convergence to one 
type of tooth ? And, more extraordinary still, to the same 
type ill both cases 1 • 

“Moreover, many of the mammals, which, according to 
Prof. Osborn, so readily pass ‘ into trituberculy,* only do so, 
apparently, to pass no less readily out of it. According to 
this theory the living forms which possess triconodont teeth, 
amongst the marsupials on the one hand and the placentals 
on the other, have been derived from ancestors with trico- 
nodont molars, which passed through the tritubercular, and 
again back into the triconodont type. 

“ There is a very grave objection to such a fickle mode of 
cusp development, which seems to have escaped the notice of 
the supporters of the theory. All the various types of teeth 
met with amongst the mammalia arc adaptations to particu- 
lar ]!:inds ofi food and methods of feeding ; the appearance 
or disappearance of a few cusps here and there may seem a 
matter of trivial importance to anyone forming a theory of 
cusp development, but there is no reason to think that it is 
so to the animal which possesses the teeth. The indepen- 
dent passage of all these groups of mammalia through a 
triconodont stage v/ould imply, that they all and severally 
took to a particular kind of food (that for which the trico- 
nodont molar is an adaptation), and again their passage into 
a tritubercular stage would imply, that they afterwards took 
to another method of feeding (that for wdiich the trituber- 
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cular molar is an adaptation). It is evident that the difficul- 
ties encountered in the attempt to derive the tritubercular 
tooth from a triconodont form in each group are overwhelm- 
ing ; we must, therefore, fall back on the supposition that 
the original mammalian teeth were provided with many 
cusps, not placed in one line, and the exact pattern of which 
remains still to be found. 

“There is inucli evidence for the view that the upper molars 
of the pro-mammalian ancestors were of the tritubercular, 
and the lower molars of the tubercular-sectorijil types ; in 
fact, f think, we cannot do better than accept Prof. Copers 
generalisation, if not as a definitely established theory, at all 
events as an excellent working hypothesis, ‘ that the superior 
molars of both ungulate and unguiculate mammalia have 
been derived from a tritubercular type ; and that the inferior 
true molars of both have been derived from a tubercular- 
sectorial type.^ These, indeed, are the types which occur 
most constantly amongst the earlier fossil forms, and the 
most primitive living representatives both of the marsupials 
and placentals. The Pro-mammalia, when they first arose 
as a small group struggling amongst their reptilian and 
amphibian rivals, very possibly adopted some method of 
feeding for which teeth of these or similar patterns w-ere 
well adapted. Subsequently, with increasing Ainnbers and 
divergence, just as in tile pentadactyle limb some digits 
have been lost and others become unduly developed, the 
tritubercular teeth have been modified to suit various 
needs; with this difference that, although digits are not 
easily added, new cusps often have arisen in the course of 
adaptation.” • 

Thus the writer, whilst in a paper upon the Stonesfield 
slate mammalia (Q. J. Micros. Science, 1894) he holds that 
the earliest forms were probably multitubercular, and rejects 
the triconodont as an established stage in the evolution of 
. nn2 
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mammalian teeth, admits trituberculism as a highly gene- 
ralised type for a large number of mammalia. 

Mr. Goodrich’s letter elicited a reply from Mr. Forsyth 
Major, who has long been an advocate of the view that 
primitive mammalian molars were miiltituberculate. He 
believes that early teeth were brachydont and bunodont : 
indeed that the more brachydont the more multitubercular 
they were (Proc. Zool. Soc. 1893). He criticises Prof. Osborn 
on the ground that in some of his own figures of cretaceous 
mammalian teeth it is difficult to see any preponderance in 
the primitive triangle over the superadded portion, f!he so- 
called talon or heel. 

This term is borrowed originally from carnivorous teeth, 
in which it is in a reduced condition, but this part of the 
tooth was largo in a great many archaic eutheria. 

A further difficulty which he suggests is that the cusps of 
upper teeth may be said to work in the hollows of lower 
teeth like pestles in their mortars, but that it happens that 
the protocone of an upper tooth works in the heel or talon 
portion of a lower tooth, so that on the tritubercular theory of 
the origin of the several parts we should have a pestle formed 
at a period long antecedent to the manufacture of its mortar. 

With regard to the hypocone, the converse state of things 
woufd exiat,«that is to say, the mortar for its reception would 
long antedate the occurring of ^he pestle, the hypocone. 
This seems to be a real difficulty in evolution, though it 
must be remembered that the advocates of trituberculism 
always held that the primitive triangles alternated with each 
othSr and therefore, by implication, were aware of and faced 
this difficulty that* any completeness of co-adaptation of 
opposing surfaces must have been by a subsequent develop- 
ment of additional parts. 

This again, it seems to me, puts a stumbling block in the 
way of the advocates of the mechanical genesis of tooth 
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forms ; whilst again a warm friend of trituberculism^ 
Mr. Scott (p. 297), is driven to an improbable assumption 
lest his argument should clash with the theory. 

With regard to the attainment of similar tooth forms by 
animals of different stock, we have already many examples 
to hand of this, occurring at a much later stage of mamma- 
lian evolution (sec p. 282) ; so that, granted a pro-mammalian 
form capable of modification in that direction,# different 
phyla might easily attain to trituberculismj Mr. Goodrich^s 
difficulty is, however, not that they attain to it, but that 
they khould all pass through it, it not being at all their 
final goal. A good instance, upon a smaller scale, so to speak, 
of different stocks attaining to a closely similar modification 
of tooth, has been pointed out by Mr. Lydekker. The 
carnassial teeth of the hyajna, both upper and lower, closely 
resemble those of tlie cats : nobody supposes that the hyjcnas 
are descended from the cats, nor the cats from the hyaenas, 
nor is the dentition of the hyaena very much like that of 
the Felidae in other respects, so that in the carnassial teeth we 
have an example of what evolutionists term “ parallelism'' 
in development. 

In the present stage of knowledge we must not expect to 
explain everything. Prof. Osborn, in a letter to me, joints 
out that the downward projections of the lowtfr jaw, acting 
as protective flanges to sj^cially long upper teeth (Dinoceras, 
p. 413, Machairodus, p. 452, and Chauliodus, a deep-sea fish, 
p. 239), are very difficult to account for; the more so as 
Bathyopsis, an ancestor of Dinoceras, has them, but further 
back than the tusks, and Elothcrium, which has no tusks, 
has three downward projections from its lower jaw. 

But the fact that knowledge is incomplete, and that the 
hypotheses framed are liable to be upset by the discovery of 
fresh facts, is no reason against framing them, for they not 
only serve to pigeon-hole the facts known and are useful as 
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. working hypotheses,’* but they provoke careful examination 
into their truth or falsity, and so stimulate thought and 
research. Thus may a generalisation which has ultimately 
to be abandoned for a time serve a most useful purpose. 
The last word on Trituberculism has by no means yet been 
spoken, but, whatever may be its future, for the present, at 
all events, it holds the field, and is doing good service. 
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Middlesex Hospital. 8vo, with 149 Engravings, 14s. 

J^tlas of Pathological Anatomy. By Dr. 

LANdEi&AUX. Translated by W. S. Greenfield, M.D., Professor 
of Pathology in the University of , Edinburgh. Imp. 8vo, with 70 
Coloured Plates, £5 58. 

Index Pathologicus, for the Registration of 

the Lesions recorded in Pathological Records or Case-books of 
Hospitals and Asylums. By James C. Howdbn, M.D., Superinten- 
, dent of the Royal Lunatic Asylum, Montrose. Fcap. folio, 6s. 

Atlas of the Central Nervous System. From 

the larger work vt Hlrschfeld and Ldveilld. Edited by Howard H. 
Tooth, M.D., F.R.C.P., Assistant Physician to the National Hos- 
pital for the Paralysed and BpileptiOk With 37 Flales earifully 
coloured by Hand. Dirge Imp. 8vo, 408. 
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The Human Brain: Histological and Coarse 

Methods of Besearch. A Manual for Students and Asylum Medical 
Offloera W. Bbyait Lkwis, L.B.C.P. Lond., Medical Super- 
intendent, YTwt Biding Lt^natic Asylum. 8vo, with Wood Bngravings 
and Photographs, 8s. 

The Physiology and the Pathology of the 

Cerebral Circulation: an Experimental Research. By Lbonard 
Hill, M D., Hunterian Professor, K.C.S. With 41 Illustrations. 
Boyal 8vo, 128. 

Elements of Human Physiology. By Ernest 

•H. Starliito, M.D., M.R.C.P., Joint Lecturer on Physiology 
at Guy’s Hospital. Scqond Edition. Crown 8vo, with 128 Illus- 
trations, 7s. 6d. 

Manual of Physiology : for the Use of Junior 

Students of Medicine. By Gerald F. Ybo, M.D., F.K.S., Emeritus 
Professor of Physiology in King’s College, London. Third Edition. 
Crown 8vo, with 254 Bngravings (many figures), and Coloured Plate of 
Spectra, 148. 

Principles of Human Physiology. By W. B. 

Carpenter, C.B., M.U., F.R.S. Ninth Edition, by Henry Power, 
M.B., F.R.C.S. 8vo, with 3 Steel Plates and 377 Wood Engravings 
318. 6d. 

Practical Lessons in Elementary Biology, for 

Junior Students. By Peyton T,' B. Beale, F.R.C.S., Lecturer on 
Elementary Biology and Demonstrator in Physiology in King’s 
College, London. Crown 8vo, 38. fid. 

Medical Jurisprudence : its Principles and 

Practice. ^ Alfred S. Taylor, M.D., F.R.C.P., F.R.S. Fourth 
Edition, by Thomas Stevenson, M.D., F.R.C.P., LecVirsr on Mbdlcal 
Jurisprudence at Guy’s Hospital. 2 vols. 8vo, with 189 Engravings, 
31s. fid. t 

By the same Authors, 

A Manual of Medical Jurisprudence. Twelfth 

Edition. Crown 8vo, with 66 Engravings, 148. 

The Theory and Practice of Hygiene. By. J. 

Lane Hotter, M.D., Examiner In Hygiene and Public Health in the 
University of Cambridge and in the victoria University, Professor 
of Hygiene in the Army Medical School ; and R. H. Firth, F.B.C.S., 
Assistant Professor of Hygiene in the Army Medical School. With 
numerous Illustrations. Boyal 8vo, 248. 
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Hygiene and Public Health: a Treatise by 

various Authors. Edited by Thomas Stevenson, M.D., F.B.C.P.r 
Lecturer on Chemistry and Medical Jurisprudence at Guy’s Hospital ^ 
Official Analyst to the Home Office ; and Suielet F. Murphy, Medical 
Officer of Health of the County of London. In 3 vols., royal 8vo, fully 
Illustrated. Vol. I., 28s. ; Vol. II.. 32s. ; Vol. HI.. 20 b. 

A Manual of Practical Hygiene. By the late 

B. A. Parkes, M.D., F.K.S. Eighth Edition, by J. Lane Notter, 
A.M., M.D., F.R.S., Professor of Military Hygiene in the Army 
Medical School. 8vo, with 10 Plates and 103 Engravings, 18 b. 

A Handbook of Hygiene and Sanitary ScieiK:e. 

By Qeo. Wiuon, M.A., M.D., LL.D., D.F.H. Camb. Medical 
Officer of Health for Mid-Warwickshire. Seventh Edition. Crown 
8vo, with Engravings, 12s. 6d. 

Elements of Health : an Introduction to the 

Study of Hygiene. By Louis C. Parkes, M.D., D.P.H. Lond.p 
Medical Officer of Health for Chelsea, Lecturer on Public Health at- 
St. George's Hospital. Post 8vo, with 27 Engravings, 3s. 6d. 

The Prevention of Epidemics and the Con> 

struction and Management of Isolation Hospitals. By Kookr 
McNeill, M D. Edin., D.P.H. Camb., Medical Officer of Health for 
the County of Argyll. 8vo, with several Hospital Plans, 10s. 6d. 

Hospitals and Asylums of the World: their 

Origin, History, Construction, Administration, Management, and 
Legislation. By Henry C. Burdett. In 4 vols., super^royal 8vo, and 
Portfolio. Complete, 168 b. Vols. 1. and II.— Asylums, tOOs. Vols. 
III. and IV.— Hospitals, with Plans and Portfolio, 120s. 

Mental Diseases : Clinical Lectures. By T. S. 

(Clouston. M.D., F.R.C.P. Edin., Lecturer on Mental Diseases in the 
Univeruty of Edinburgh. Fourth Edition. Cr. Svo, with 18 Plates, 14 b. 

Illustrations of the Influence of the Mind 

upon the Body in Health and Disease : Designed to elucidate the 
Action of the Imagination. By D. Hack Tuke, M.D., F.B.C.P., LL.D. 
Second Edition. 2 vols. crown Svo, 15 b. 

The Insane and the Law : a Plain Guide for 

.. Medical Men, Solicitors, and Others as to the Detention and Treat- 
ment, Maintenance, Responsibility, and Capacity either to give 
evidence or make a yill of Persons Mentally Affiloted. With Hints to 
Medical Witnesses and to Cross-Examining Counsel. By G. Pitt- 
Lewis, Q.C., R. Percy Smith, M.D., F.B.C.P., Resident Physician* 
Bethlem Hospital, and J. A. Hawes, B.A., Barrister-at-Law. Svo, 14s. 
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A Dictionary of Psychological Medicine, giving 

the Definition, Etymology, and Synonyms of the Terms used in 
Medical Psychology : with the Symptoms, Treatment, and Patho- 
logy of Insanity ; and Thb Law of Ltrif aoy in Orbat Britain and 
Ireland, Edited by D. Hack Tuxb, M.D., LL.D., assisted by 
nearly 130 Contributors, British, Continental and American. 2 vols. 
1,500 pages, royal 8vo, Illustrated, 42s. 

Mental Physiology, especially in its Relation 

to Mental Disorders. By Thbo. B. Hyslop, M.D., Assistant Physician 
to the Bethlem Royal Hospital, Lecturer on Mental Diseases in 
St. Mary’s Hospital Medical School. 8vo, 18s. 

Liinacy Law for Medical Men. By Charles 

Mercibr, M.B., Lecturer on Neurology and Insanity to the West- 
minster Hospital Medical School, and to the Medical School for 
Women. Crown 8^0, 5s. 

The Journal of Mental Science. Published 

Quarterly, by Authority of the Medico-Psychological Association 
8vo, 5s. 

Mental Affections oi Childhood and Youth 

(Lettsomian Lectures for 1887, etc.). By J. Lanodon-Down, M.D., 
F.R.C.P., Consulting Physician to the London Hospital. 8vo, 6s. 

Manual of Midwifery, including all that is 

likely to be required by Students and Practitioners. By Alfred L. 
Galabin, M.A., M.D., F.K.C.P., Obstetric Physician and Lecturer 
on Midwifery and Diseases of Women to Guy’s Hospital. Third 
Edition. Crown 8vo, with 261 Engravings, 15 b. 

The Student’s Guide to the Practice of Mid- 

wlfery. By D. Lloyd Roberts, M.D., F.R.C.P., Lecturer on Clinical 
Midwifery and Diseases of Women at the Owens College ; Obstetric 
Physician to the Manchester Royal Infirmary, jfourth Bfiitlon. 
Fcap. 8vo, with Colour^ Plates and Wood Engravings. 

[Preparing, 

Obstetric Aphorisms: for the Use of Students 

commencing Midwifery Practice. By Joseph G. Swayne, M.D., 
Lecturer on Midwifery In the Bristol Medical School. Tenth Edition. 
Fcap. 8vo, with 20 Engravings. 3s. 6d. 

Clinical Lectures on Diseases of Womtsn : 

delivered In St. Bartholomew's Hospital, by J. Matthews Dunoan, 
M.D., LL.D., F.B.C.P., F.B.Ss. L. ft B., late Obstetric Physician 
to St. Bartholomew’s Hospital. Fourth Edition. 8vo, 16s. 
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Lectures on Obstetric Operations : Including 

the Treatment of Hemorrhage, and forming a Guide to%he Manage- 
ment of Difficult Labour. By Bobebt Barnes, M.D., F.R.O.P. 
Consulting Obstetric Physician to St. (George’s Hospital. Fourth 
Edition. 8vo, with 121 Engravings, 12s. 6d. 

By the same Author, 

A Clinical History of Medical and Surgical 

Diseales of Women. Second Edition. 8vo, with 181 Engravings, 2Bs. 

Gynaecological Operations (Handbook of). 

By Alban H. G. Doran, F.R.C.S., Surgeon to the Samaritan Hospital. 
8vo, with 167 Engravings, 15s. ^ 

Diseases of Women. (Student’s Guide Serms.) 

By Alfred L. Galabin, M.A., M.D., F.R.O.P., Obstetric Phy- 
sician to, and Lecturer on Midwifery and Diseases of Women at, 
Guy’s Hospital. Fifth Edition. Fcap. 8vo, with 142 Engravings, 8s. 0d. 

Manual of the Diseases peculiar to Women. 

By James Oliver, M.D., F.R.S.B., M.R.O.P., Physician to the 
Hospital for Diseases of Women, London. Fcap. 8vo, 3s. 6d. 

By the same Author. 

Abdominal Tumours and Abdominal Dropsy 

in Women. Crown 8vo, Ts. 6d. 

A Practical Treatise on the Diseases of 

Women. By T. Gaillard Thomas, M.D. Sixth Edition, by Paul 
F. MundA, M.D., Professor of Gynaecology at the New York 
Polyclinic and at Dartmouth College. Boy. 8vo, with 347 Engrav- 
ings, 25s. 

Notes on Diseases of Women : specially de- 

signed to assist the Student in preparing for Examination. By 
James J. Reynolds, L.R.C.P., M.R.C.S. Fourth Edition, Fcap^ 
p8vo, 36. ed. 

Sterility. ' By Robert Bell, M J)., F.F.P. & S. Olasg., 

Senior Physician to the Glasgow Hdspital for Diseases peculiar to 
Women. 8vo, 8s. 

The Physiology of Death from Traumatic 

Fever; a Study in Abdominal Surgeiy. By John D. Malcolm, 
M.B., C.M., F.B.C.S.E., Surgeon to the Samaritan Free Hospital. 
, 8vo, 36. ed. 

Notes on Gynsecological Nursing. By John 

Benjamin Hellier, M.D., M.R.C.S. Lecturer on the Diseases of 
Women and Children in the Yorkshire College, and Sui^eon to the 
Hospital for Women, etc., Leeds. Crown 8vo, Is. fid. 
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A Manual for Hospital Nurses and others en^* 

gaged in Attending on the Sick, with a Glossary. By Edward J. 
Domville, Surgeon to the Devon and Exeter Hospital. Eighth 
Edition Crown 8vo 2 b. 6d. 

A Manual of Nursing, Medical and Surgical. 

By Charles J. Cullinoworth, M.D., F.R.C.P., Obstetric Physician 
to St. Thomas’s Hospital. Third Edition. Fcap. 8vo, with Engrav- 
ings, 2b. 6d. • 

By the same Author. 

A Short Manual for Monthly Nurses. 

Fourth Edition. Fcap. 8vo, Is. 6d. 

A Practical Treatise on Disease in Children. 

By Eustace Smith, M.D., F.R.C.P., Physician to the King of the 
Belgians, and to the East London Hospital for Children, etc. Second 
Edition. 8vo, 22s. 

By the same Author, 

Clinical Studies of Disease in Children. 

Second Edition. Post 8vo, Ts. 6d. 

Atao. 

The Wasting Diseases of Infants and 

Children. Fifth Edition Post 8vo, 8s. 6d. 

The Diseases of Children. (Student’s Guide 

Series.) By Jas. F. Qoodhart, M.D., F.R.C.P., Physician to Guy’s 
Hospital. Fifth Edition. Fcap. 8vo, 10s. 6d. 

Manual of Diseases of Children, for Prac> 

titioners and Students. By W. H. Day, M.D., Physician to the 
Samaritan Hospital. Second Edition. Crown 8vo, 12 b. tfd. 

A Practical Manual of the Diseases of Chil- 

dren. With a Formulary, By Edward Ellis, M.p. , Fifth Edition. 
Crown 8vo, lOs. 

Materia Medica a Manual for the Use of 

Students. By Isambard Owen, M.D., F.R.C.P., Lecturer on Materia 
Medica, etc., to St. George’s Hospital. Second Edition. Crown dvo^ 
es. 6d. 

Materia Medica, Pharmacy, Pharmacology, 

and Therapeutics. By W. Hale White, M.D., F.R.C.P., Physician 
to, and Lecturer on Materia Medica afld Therapeutics at, Guy’s 
Hospital ; Examiner in Materia Medica* on the Conjoint Board of 
the Royal Colleges of Physicians and Surgeons. Fcap. 8vo, 7s. 6d. 
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Materia Medica and Therapeutics. By Charles 

D. F. Phillips, M.D., LL.D., F.B.S. Bdln. 

Vegetable Kingdom — Organic Oompounda— Animal Kingdom. 8vo, 25e. 
Inorganic Substances. Second Bdition. 8vo, 21b. 

Galenic Pharmacy: a Practical Handbook to 

the Processes of the British Pharmacopcela. By B. A Cripps. M.P.S. 
8vo, with 76 Engravings, 8b. 6d. 

The GSlenical Preparations of the British 

Pharmacopoeia ; a Handbook for Medical and Pharmaceutical Students. 
By 0. O. Hawthorne, M.B., C.M., Lecturer on Materia Medica and 
Therapeutics, Queen Margaret's College, University of Glasgow. 8vo, 
48. 6d. ^ 

Practical Pharmacy. By Barnard S. Proctor, 

formerly Lecturer on Pharmacy at the College of Medicine, New 
castle-on-Tyne. Third Bdition. 8vo, with 44 Wood Engravings and 
Lithograph Fac-Simile Prescriptions, 148. 

Selects e Prescriptis : containing Lists of 

Terms, Phrases, Contractions and Abbreviations used in Prescrip- 
tions, with Explanatory Notes, etc. Also, a Series of Abbreviated 
Prescriptions and Key to the same, with Translations. By Jona- 
than Pereira, M.D., F.B.S. Eighteenth Edition, by Joseph Inge, 
F.C.S., F.L.S. 24mo, 58. 

Pocket Formulary and Synopsis of the British 

and Foreign Pharmacopcelas. By Henry Beasley. Eleventh 
Edition. 18mo, 68. 6d. 

By the same Author, 

Druggist’s General Receipt-Book. Tenth Edition. 

18mo, 68. 6d. 

Aiao, 

Book of Prescriptions : containing upwards of 

3,000 Prescriptions collected from the Practice of the most eminent 
Physicians and Surgeons, English an(f Foreign. Seventh Bdition, 
18mo, 6 b. 6d. 

A Companion to the British Pharmacopoeia. 

By Peter Squire, Revised by his Sons, P. W. and A. H. Squire. 
Sixteenth Bdition. 8vo, 12s. 6d. 

^ By the same Authors. 

The Pharmacopoeias of the London Hospitals, 

arranged in Groups *for Easy Beference and Comparison. Sixth 
Edition. 18mo, 6s. 
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Royle's Manual of Materia Medica and 

Thenpeutics. Sixth Bdltion, including additions and alterations 
in the B.P. 1865. By Johv Harley, M.D., Physician to St. Thomas's 
Hospital. Crown 8vo, with 139 Engravings, 1.5s. 

Southall’s Organic Materia Medica, being a 

Handbook treating of some of the more important of the Animal and 
Vegetable Drugs made use of in Medicine, including the whole of 
those contained in the British Pharmacopoeia. Fifth and Enlarged 
Edition, by John Barclay, B.Sc.Lond., some time Lecturer on 
Materia Medica and Pharmacy in Mason College, Birmingham. 
8vo, 6s. 

Rebent Materia Medica. Notes on their 

Origin and Therapeutics. By F. Harwood Lkscher, F.C.S., Pereira 
Medallist. Fourth Edition. 8vo, 2s. 6d. 

Year-Book of Pharmacy: containing the Trans- 

actions of the British Pharmaceutical Conference. Annually. 8vo, 10s. 

Manual of Botany, in two Vols., crown 8vo. 

By J. Reynolds Green, Sc.D., M.A., F.R.S., Professor of Botany to 
the Pharmaceutical Society. 

Vol. I. : Anatomy and Morphology, with 778 Engravings. 7s. 6d. 
Vol. II. : Classification and Physiology, with 415 Engravings, lOs. 

The Student’s Guide to Systematic Botany, 

including the Classification of Plants and Descriptive Botany. By 
Robert Bentley, late Emeritus Professor of Botany in King’s 
College and to the Pharmaceutical Society. Fcap. 8vo, with 350 
Engravings, 3s. 6d. 

Medicinal Plants: being Descriptions with 

original figures, of the Principal Plants employed in Medicine, and 
an account of their Properties and Uses. By Prof. Bentley add Dr. 
H. Trimen, F.R.S. In 4 vois., large 8vo, with 306 Coloured Plates, 
bound in Half Morooco,^Qilt Edges, £11 11s. 

Practical Therapeutics : a Manual. By 

Edward J. Waring, C.I.E., M.D., F.R.C.P., and Dudley W. 
Buxton, M.D., B.S. Lond. Fourth Edition. Crown 8vo, 14s. 

By the same Author, 

Bazaar Medicines of India, and Common 

Medical Plants. With Full Index of Diseases, indicating their Treat- 
ment by these and other Agents procurable throughout India, etc. 
Fourth Edition. Foap. 8vo, 6s. 
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Climate and Fevers of India, with a Series 

of Cases (Groonian Lectures, 1882). By Sir Joseph Father, 
K.C.S.I., M.D. 8vo, with 17 Temperature Charts, 12s. 

By the same Author* 

The Natural History and Epidemiology of 

CholeQi : beinf; the Annual Oration of the Medical Society of London, 
1888 8vo, 88. 6d. 

A Manual of Family Medicine and Hygiene 

for India. Published under the Authority of the Government of 
India. By Sir William J. Moore, K.C.I.B., M.D., late Sur^joa- 
General with the Government of Bombay. Sixth Edition. Post 8vo, 
with 71 Enf^ravings, 128. 

By the same Author. 

A Manual of the Diseases of India : with a 

Compendium of Diseases generally. Second Edition. Post 8vo, 
Aiao. 

The Constitutional Requirements for Tropical 

Climates, etc. Crown 8vo, 4$. 

The Prevention of Disease in Tropical and 

Sub-Tropical Campaigns. (Parkes Memorial Prize for 1886.) By 
Andrew Duncan, M.D., B.S. Lond., F.R.C.S., Surgeon, Bengal 
Army. 8vo, 128. 6d. 

A Commentary on the Diseases of India. By 

Norman Cheveks, C.I.E., M.D.» F.R.C.S., Deputy Surgeon-General 
H.M. Indian Army. 8vo, 248. 

Hooper’s Physicians’ Vade-Mecum ; a Manual 

9>f the FriEciples and Practice of Physic. Tenth Edition. By W. A. 
Guy, F.B.C.P., F.R.S., and J. Harley, M.D., F.R.C.P. With 118 
Engravings. Fcap. 8vo, 128. 6d. ® 

The Principles and Practice of Medicine. 

(Text-book.) By the late C. Hilton Faoge, M.D., and P. H. 
Ptb-Smith, M.D., F.B.S., F.R.C.P., Physician to, and Lecturer on 
Medicine at, Guy's Hospital. Third Edition. 2 vols. 8vo, cloth, 408. ; 
^Half Leather, 46s. 

Manual of the Practice of Medicine. By 

Frederick Taylor, M.D., F.B.O.P., Physician to, and Lecturer 
on Medicine at, Guy’s Hospital. Fourth Edition. Or. 8vo, with 
Engravings, 158. 
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A Dictionary of Practical Medicine. By 

various writers. Edited by Jab. Kingston Fowler, M.A., M.D. 
F.H.O.P., Physician to Middlesex Hospital and the Hospital for Coh> 
sumption. 8vo, cloth, 21s. ; half calf, 2o8. 

The Practice of Medicine. (Student’s Guide 

Series.) By M. Cearteris, M.D., Professor of Therapeutics and 
Materia Medica in the University of Glasgow. Seventh Edition. 
Fcap. 8vo, with Engravings on Copper and Wood, 10s. 

A Text- Book of Bacteriology. By G. M. Stbrk- 

s BKRG, M I) , Surgeon-General, U.S. Arin3\ With 9 Plates and 200 
Figures in the Text. 8vo, 248. 

How to Examine the Chest : a Practical 

Guide for the use of Students. By Samuel West, M.D., F.R.G.P. 
Assistant Physician to St. Bartholomew's Hospital. Second Edition. 
With Engravings. Fcap. 8vo, 5s. 

An Atlas of the Pathological Anatomy of the 

Lungs. By the late Wilson Fox, M.D., F.K.S., F.R.C.P.i 
Physician to H.M. the Queen. With 45 Plates (mostly Coloured) and 
Engravings. 4to, half-bound in Calf, 708. 

By the same Author. 

A Treatise on Diseases of the Lungs and 

Pleura. Edited by Sidnet Coupland, M.D,, F.R.C.P., Ph^’sician to 
Middlesex Hospital. Roy. 8vo, with Engravings ; also Portrait and 
Memoir of the Author, 368. 

The Student’s Guide to Diseases of the Chest. 

By Vincent D. Harris, M.D. Lond., F.R.C.P., Physician to the City 
of London Hospital for Diseases of the Chest, Victoria Park. pFcap» 
8vo, with 55 Illustrations (some Coloured), 78. 6d. * * 

The Schott Methods of the Treatment of 

Chronic Diseases of the Heart, with an account of the Nauheim Baths, 
and of the Therapeutic Exercises. By W. Bezly Thorne, M.D., 
M.R.C.P. Second Edition. 8vo, with Illustrations, 6s. 

Guy’s Hospital Reports. By the Medical and 

Surgical Staff. Vol. XXXVI. Third Serlea. 8vo, lOi. 6d. • 

St. Thomas’s Hospital Reports, By the Medical 

and Surgical Staff. Vol. XXIII. New Series. 8vo, Ss. 6d. 

Westminster Hospital Reports. By the Medical 

and Suigioal Staff. Vol. IX. 8yo, 6 b. 

7, GREAT MARLBOROUGH STREET. 

11 





J. 8f A. Churehill's Beeent Wbrk$. 


Medical Diagnosis. (Student’s Guide Series.) 

By SiMUEL Fi£NWICK, M.D., F.K.C.P., Physician to the London 
hospital. Seventh Bdition. Fcap. 8vo, with 117 Bngnvings, 78. 

By the same Author, 

Outlines of Medical Treatment. Fourth Edition. 

Crown 8vo, with 35 Bngravings, lOs. 

• Atao, 

Clinical Lectures on some Obscure Diseases 

of the Abdomen. Delivered at the London Hospital. 8vo, with 
Bngravings. 78. 6d. 

Aieo. ^ 

The Saliva as a Test for Functional Diseases 

of the Liver. Grown 8vo, da. 

The Microscope in Medicine. By Lionel S. 

Beale, M.B., F.R.S., Physician to King’s College Hospital. Fourth 
Bdition. 8vo, with 80 plates, ais. 

By the same Author. 

The Liver. With 24 Plates (85 Figures). 8 vo, 5s. 

Also, 

On Slight Ailments : and on Treating Disease. 

Fourth Bdition. 8vo, 5s. 

Myxoedema and the Thyroid Gland. By John 

D. Gimlette, M.K.C.S.. L.H.C.P. Crown 8vo, Ss. 

The Physiology of the Carbohydrates ; their 

Application as Food and Relation to Diabetes. By F. W. Pavy, M.D., 
LL.D., F.R.S., F R.C.F., Consulting Physician to Guy’s Hospital. 
Royal 8vo, with Plates and Engravings, lOs. 0d. 

Medical Lectures and Essays. By Sir G. 

Johnson, M.D., F.R.C.P., F.R.S., Consulting Physician to King's 
College Hospital. 8vo, with 40 EngrsviifgB, 258. 

By the aame Author. 

An Essay on Asphyxia (Apnoea). 8to, 3s. 

Atao 

History of the Cholera Controversy, with 

llirections for the Treatment of the Disease. 8vo, 3s. 

Atao 

The Pathology *of the Contracted Granular 

Kidney and the Associated Cardio-Arterial Changes. With 29 Illustra- 
tions. 8vo, 4s. 
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Uric Acid as a Factor in the Causation of 

Disease. By AutziirDSR Haxo, M.D., F.R.C.F. Physician to the 
Metropolitan Hospital and the Royal Hospital for Children and « 
Women. Third Bdition. 8vo, with 54 Illustrations, 12s. 6d. 

Bronchial Asthma: its Pathology and Treat- 

ment. By J. B. Bkrkart, M.D., late Physician to the City of 
London Hospital for Diseases of the Chest. Second Edition, with 7 
Plates (35 Figures). 8vo, 10s. 6d. 

Treatment of Some of the Forms of Valvular 

Disease of the Heart. By A. E. Sanbom, M.D., F.R.C.F., Physician 
* to the London Hospital. Second Bdition. Fcap. 8vo, with 26 Engrav- 
ings, 4s. 0d. 

Medical Ophthalmoscopy: a Manual and Atlas. 

By W. E. Qowsrs, M.D., F.R.C.P., F.R.S., Physician to the National 
Hospital for the Paralyzed and Epileptic. Third Bdition. Edited 
with the assistance of Marcus Ounn, M.B., F.R.C.S., Surgeon tc 
the Royal London Ophthalmic Hospital. With Coloured Plates and 
Woodcuts. 8vo, 16s. 

By the aame Author, 

A Manual of Diseases of the Nervous System. 
Yol. I. — Diseases of the Nerves and Spinal 

Cord. Second Bdition. Roy. 8vo, with 179 Engravings, 15s. 

Yol. II. — Diseases of the Brain and Cranial 

Nerves : General and Functional Diseases of the Nervous System. 
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M. Charteris, M.D., Professor of Therapeutics and Materia Medica 
in Glasgow University. Second Edition. Crown 8vo, with Map, 
5s. fid. 

The Mineral Waters of France, and its 

Wintering Stations (Medical Guide to). With a Special Map. By A. 
ViNTRAS, M.D., Physician to the French Embassy, and to the French 
Hospital, London. Second Edition. Crown 8vo, 88. 

Health Resorts of the Canary Islands in their 

Climatological and Medical Aspects. By J. Clkasby Taylor, M.D., 
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Guy's Hospital. 8vo, with 88 Engravings, 228. 


Atlas of Electric Cystoscopy. By Dr. Emil 

Burckhardt, late of the Surgical Clinique of the University of 
BAle, and E. Hurry Fenwick, F.R.C.S., Surgeon to the London 
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Genito-Urinary Surgery, Syphiology, and Dermatol^y in l^ellevue 
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Surgeon to St. Mark’s Hospital for Fistula. Second Edition. Edited 
by Edward Cottbrbll, F.R.C.S., Suqgeon (out-patients) to the 
London Lock Hospital. 8vo, with 24 Full-page Plates (12 coloured), 
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Practical. Edited by William A. Tildbn, D.Sc., F.R.S., Professor of 
Chemistry Normal School of Science, South Kensington. Second 
•Edition. 

Inorganic Chemistry. Crown 8vo, 8s. 6d. 
Organic Chemistry. Crown 8vo, 10s. 
Practical Chemistry, and Qualitative Analysis. 

By Frank Clowes, D.Sc. Lond., Professor of Chemistry in the 
University College, Nottingham. Sixth Bdition. Post 8vo, with 84 
Engravings and Frontispiece, 8s. 6d. 

Quantitative Analysis. By Frank Clowes. 

D.Sc. Lond., Professor of Chemistry in the University College, 
Nottingham, and J. Bernard Coleman, Assoc. B. C. Scl. Dublin; 
Head of the Chemical Department, South-West London Polytechnic. 
Third Edition. Post 8vo, with 106 Engravings, Os. 

By the same Authors. 

Elementary Practical Chemistry and Qualita- 

tlve Analysis. With .54 Engravings, Post 8vo, 3s. 6d. 

Also 

Elementary Quantitative Analysis. With 62 

Engravings, Post 8vo, 4s. 6d. 

Also 

Elementary Qualitative Analysis. Witl\ 40 

Engravings, Post 8vo, 2s. 6d. * * 

Qualitative Analysis. By R. Fresenius. Trans- 

lated by Charles B. Groves, F.K.S. Tenth Bdition. 8vo, with 
Coloured Plate of Spectra and 46 Engravings, 15s. 

By the same Author. 

Quantitative Analysis. Seventh Edition. 

VoL. L, Translated by A. Vachkb. 8vo, jrith 

100 Engravings, 15s. 

VoL. II., Parts 1 to 3, Translated by C. E. Groves, 

F.R.S. 8vo, with Engravings, 2s. 6d. each. 
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Inorganic Chemistry. By Edward Frankland, 

Ph.D.. D.O.L., LL.D., F.R.S., and Francib R. Japp, M.A., Fh.D., 
F.I.O., F.R.S., ProfesBor of Chemistry In the University of Aberdeen. 
8vo, with numerous Illustrations on Stone and Wood, 24s. 

Inorganic Chemistry (A System of). By 

WiLUAM Rahbat, Ph.D., F.R.k, Professor of Chemistry in the 
University College, London. 8vo, with Engravings, 15s. 

Bj/ the same Author, 

Elementary Systematic Chemistry for the Use 

of Schools and Colleges. With Engravings. Crown 8vo, 4s. 6d. ; 
Interleaved, Ss. 6d. 

Valentin’s Qualitative Chemical Analysis. 

Eighth Edition. ByDr.W. E. Hodokinson, F.R.S.E., Professor of 
Chemistry and Physics at the Royal Military Academy, and Artillery 
College, Woolwich 8vo, with Engravings and Map of Spectra. 
8s. 6d. 

Analytical Chemistry. Notes for Students in 

Medicine. By Albert J. Bernays, Ph.D., F.C.S., F.I.C. Third 
Edition. Crown 8vo, 4s. 0d. 

Commercial Organic Analysis ; a Treatise on 

the Properties, Modes of Assaying, Proximate Analytical Examination, 
etc., of the various Organic Chemicals and Products employed in the 
Arts, Manufactures, Medicine, etc. By Alfred H. Aller, F.I.C. , 
F.C.S., Public Analyst for the West Riding of Yorkshire, etc. 

VoM. I. & II. & VoL. III.— Part I.— Third Edition. 

[Preparinff. 

VoL. III. — Part II. Amines and Ammonium 

Bas8s,*Hydrazines, Bases from Tar, Vegetable Alkaloids. Second 
Edition. 8vo, 18s. 

VoL. III. — Part III. Vegetable Alkaloids 

(concluded), Non-Basic Vegetable Bitter Principles, Animal 
Bases, Animal Acids, Cyanogen and its Derivatives. 8vo, Itfs. 

Volumetric Analysis (A Systematic Hand- 

book of) *, or the Quantitative Estimation of Chemical Substances by 
Measure, applied to Liquids, Solids, and Gases. By Francxb Sutton, 
F.C.S., F.I.C., Public Analyst for the County of Norfolk. Seventh 
Edition. 8vo, with 112 Engravings, 18s. 8d. 
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Chemical Technology; or, Chemistry in its 

Applications to Arts and Manufactures. Bdlted by Charles B. 
Groves, F.U.S., and William Thorp, B.Sc. 

VoL. I. — Fuel and its Applications. ByE.J. 

Mills, D.Sc., F.K.S., and F. J. Bowan, C.B. Boyal 8vo, with 
606 Engravings, 30s. 

Voii. II. — Lighting, Fats and Oils, by W. Y. 

Dent. Stearins Industry, by J. McArthur. Candle Manu- 
facture, by L. Field and F. A. Field. The Petroleum 
Industry and Lamps, by Boverton Bedwood. Miners’ Safety 
E Lamps, by B. Bedwood and D. A. Louis. Boyal 8vo, with 358 
Engravings and Map, 20s. 

Cooley’s Cyclopaedia of Practical Receipts, 

and Collateral Information In the Arts, Manufactures, Professions, 
and Trades : including Medicine, Pharmacy, Hygiene, and Domestic 
Economy. Seventh Edition, by W. North, M.A. Camb., F.C.S. 
2 Vole., Boy. 8vo, with 371 Engravings, 42s. 

Chemical Technology : a Manual. By Rudolf 

VON Wagner. Translated and Bdlted by William Crookes, F.B.S., 
from the Thirteenth Enlarged German Edition as remodelled by Dr. 
Ferdinand Fischer. 8vo, with 596 Engravings, 32 b. 

Technological Handbooks. Edited by John 

Gardner, F.I.C., F.C.S., and James Cameron, F.I.C. 

Brewing, Distilling, and Wine Manu- 

facture. Crown 8vo, with Engravings, 6 b. 6d. 

Bleaching, Dyeing, and Calico Printing. 

With Formulae. Crown 8vo, with Engravings, 6s. 

Oils, Resins, and Varnishes. Crown 8vo, 

with Engravings, 78. 6d. • • * ' 

Soaps and Candles. Crown 8ro, with 64 En- 

Kravlng,, 7». 

Methods and Formulae used in the Preparation 

of Animal and Vegetable Tissues for Microscopical Examination, In- 
cluding the Staining of Bacteria. By Peter Wyatt Squibb, F.L.S. 
Crown 8vo, Ss. 6d. 

The Quarterly Journal of Microscopical Science. 

Edited by E. Bay Lankestbr, M.A., LL.D., F.B.S. ; with the co- 
operation of Adam Sedgwick, M.A., F.B.S., and W. F. B. Weldon, 
M.A., F.B.S. Each Number, lOs. 
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The Microscope and its Revelations. By the 

late William B. Oarpbkter, O.B., M.D., LL.D., F.S.S. Seventh 
Edition, by the Bev. W. H. DALLiNasR, LL.D., 7.B.S. With 21 
Plates and 800 Wood Engravings. 6vo, 2tfs. Half Calf, 30s. 

The Microtomist’s Vade-Mecum : a Handbook 

of the Methods of Microscopic Anatomy. By Arthur Bolles Lee. 
Fourth Edition, 8vo, 158. 

Photo-lllicrography (Guide to the Science of). 

By Edward C. Bovsfield, L.R.C.P. Lond. 8vo, with 34 Engravings 
and Frontispiece, 0s. 

An Introduction to Physical Measurements, 

with Appendices on Absolute Electrical Measurements, etc. By Dr. 
F. Koulrausch, Professor at the University of Strassburg. Third 
Edition, translated from the seventh German edition, by Thomas 
H uTGHiifBON Waller, B.A., B.Sc., and Henry Richardson Procter, 
F.I.C., F.G.S. 8vo, with 91 Illustrations, 12s. 0d. 

Tuson’s Veterinary Pharmacopoeia, including 

the Outlines of Materia Medica and Therapeutics. Fifth Edition 
Edited by James Baynk, F.C.S., Professor of Chemistry and 
Toxicology In the Royal Veterinary College. Crown 8vo, 7 b. 0d. 

The Principles and Practice of Veterinary Medi- 

cine. By William Williams, F.R.C.V.S., F.R.S.B., Principal, and 
Professor of Veterinary Medicine and Surgery at the New Veterinary 
College, Edinburgh. Seventh Edition, 8vo, with several Coloured 
Plates and Woodcuts, 308. 

By the same Author, 

The Principles and Practice of Veterinary 

Surgery. Eighth Edition. 8vo, with 9 Plates and 147 Woodcuts, 30 b. 

The Veterinarian’s Pocket Remembrancer : 

being Cdhcfce Directions for the Treatment of Urgent or Rare Cases, 
embracing Semeiology, Diagnosis, Prognosis, Surgery, Therapeutics, 
Toxicology, Detection of Poisons bytheir Appropriate Tests, Hygiene, 
etc. By George Armatage, M.R.C.V.S. Second Edition. Post 
8vo, 3s. 

Chauveau’s Comparative Anatomy of the 

Domesticated Animals. Revised and Enlarged, with the Co-operation 
of S. Abloing, Director of the Lyons Veterinary School, and Edited 
by George Fleming, C.B., LL.D., F.B.C.V.S., late Principal Veterl- 
naiy Sui^eon of the British Army. Second English Edition. 8vo, 
with 685 Engravings, 31s. 6d. 
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Adamt’ (W.) Olubfooti 18 

Contractiont of the Fingers, 

etc., 18 

— • Curvature of the Spine, 18 
Allen's Chemistry of Urine, 22 
Commercial Organic Analy- 
sis, 26 

Armatage’s Veterinary Pocket Re- 
membrancer, 28 

Barnes' (R.) Obstetric Operations, 6 

Diseases of Women, 0 

Beale (L. S.) on Liver, 12 

Microscope in Medicine, 12 

Slight Ailments, 12 

A— Urinary and Renal Derange- 
ments, 22 

Beale (P. T. B.) on Elementary 
Biology, 3 

Beasley's Book of Prescriptions, 8 
Dru^ists' General Receipt 


Pocket Formulary, 8 

Bell on Sterility, 6 
Bellamy's Surgical Anatomy, 2 
Bentley and Trimen's M^icinal 
Plants, 9 

Bentley's Systematic Botany, 9 
Berkart's Bronchial Asthma, 13 
Bernard on Stammering, 14 
Bernay's Notes on Analytical Chem- 
istry, 20 

Bigg’s Short Manual of Orthopaedy, 


Bloxam's Chemistry, 25 

Laborato^ Teaching, 25 

Bousfield's Photo-Micrography, 28 
Bowlby’s Injuries and Diseases of 
Nerves, 17 

——Surgical IVtthology and 
Morbid Anatomy, 17 
Brockbank on Gallstones, 15 
Brodhurst's Anchylosis, 17 • 

Curvatures of Spine, 17 

TalipesEquino- Varus, 17 

Bryant’s Practice of Surgery, 16 
Burckhardt and Fenwick's Atlas of 
Eleetrle Cystoscopy, 22 
Burdett's Hospitals and Asylums of 
the World; 4 

ButUn’s Malignant Disease of the 
Laiynz, 21 

Operative Surgery of Malig- 
nant Disease, 21 

— - Sarooma and Carcinoma, 21 


fiuazard’s Diseases of the Nervoue 
System, 14 

Peripheral Neuritis, 14 

Simulation of Hysteria^ 

14 

Cameron's Oils, Resins, and Var- 
nirties, 27 

Soaps and Candles, 27 

Carpenter and Dallinger on the Mi- 
croscope, 28 • 

Carpenter’s Human Physiology, 3> 
Charteris on Health Resorts, 15 

Practice of Medicine, 11 

Chauveau's Comparative Anatomy 
28 

Chevers' Diseases of India, 10 
Churchill's Face and Foot Deformi- 
ties, 18 

Clarke's Eyestrain, 19 
Clouston’s Lectures on Mental 
Diseases, 4 

Clowes and Coleman's Quantitative 
Analysis, 25 

Clowes and Coleman's Elementary 
Qualitative Analysis, 26 
Clowes' Practical Chemistry, 25 
Cooley’s Cyclopedia of Practical 
Receipts, 27 
C(x>per’s Syphilis, 23 
Coomr and Edwards’ Diseases of the 
Rectum, 24 

Cripps’ (H .) Cancer of the Rectum, 24 

Diseases of the Rectum 

and Anus, 24 

■ ■ ■ Air and F»oes,in Urethra* 
24 

Cripps’ (R.A.) Galenic Phamuu^, 8 
Cullingworth’s Manual of Nursing,? 

Monthly Nurses, 7 

Dalby’s Diseases and Injuries-of the 
Bar, 29 • ^ 

Short Contributions, 20 

Day on Diseases of Children, 7 

on Headaches, 16 

Domville’s Manual for Nurses, 7 
Doran’s Gynsscological Operations* 
6 

Druitt’s Surgeon's Vade-Mecum, 1? 
Duncan (A.) on Prevention of Dis- 
eases in Tropics, 10 * 

Duncan (J. M.) on Diseases of Wo- 
menf5 

Ellis's (B.) Diseases of Children, 7 ‘ 
Ellis’s (T. S.) Human Foot, 17 
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Vau[b’% PrinoipleB and Praotioe of 
Medicine, 10 

Fp .Tar's Olimate and Fevers of India, 
10 

Natural History, etc., of 

Cholera, 10 

Fenwick (B. H.), Electric Illumina- 
tion of Bladder, 22 
■ — — Symptoms of Urinary Dis- 

Fenwlok's (^^(rilcal Oiagnosis, 13 

Obscure Diseases of the 

Abdomen, 12 

Outlines of Medical Treat- 
ment, 12 

The Saliva as a Test, 12 

Pink’s Operating for Cataract, 19 
Flower's Diagrams of the Nerves, 2 
Fowler’s Dictionaf^ of Practical 
Medicine, 11 

Fox’s (T.) Atlas of Skin Diseases, 
21 

Fox (Wilson), Atlas of Pathological 
Anatomy of the Lungs, 11 

Treatise on Diseases of the 

Lungs, 11 

Frankland and Japp’s Inorganic 
Chemistry, 26 

Fraser’s Operations on the Brain, 16 
Fresenius’ Qualitative Analysis, 26 

Quantitative Analysis, 25 

Qalabln’s Diseases of Women, 6 

Manual of Midwifery, 5 

Gardner’s Bleaching, Dyeing, and 
Calico Printing, 27 

Brewing, Distilling, and 

Wine Manufacture, 27 
Gimlette’s Myxoedema, 12 
Godlee’s Atlas of Human Anatomy,! 
Goodhart’s Diseases of Children, 7 
Ch>weiV Diagimsii of Brain Disease, 
13 

Diseases of Nervous Sys- 
tem, 13 

^Medical Ophthalmoscopy, 13 

Gowers' Syphilis and the Nervous 
System, 13 
Granville on Gout, 14 
Green's Manual of Botany, 9 
Grovet and Thorp’s Chemical Tech- 
nology, 37 

Guy’s Hospital Beports, 11 « 
Habershoirs Diseases of the Abdo- 
men, 15 

Haig’s Uric Acid, 13 


Harley on Diseases of the Liver, 14 
Harris’s (V, D.) Diseases of Chest, 11 
Harrison’s Urinary Organs, 33 
Hartridge’s Befractlon of the Bye, 19 

: Ophthalmoscope, 19 

Hawthorne’s Galenical Prepara- 
tions, 8 

Heath's Certain Diseases of the 
Jaws, 16 

Clinical Lectures oh Sur- 
gical Subjects, 16 

Injuries and Diseases of the 

Jaws, 16 

— ^ Minor Surgery and Ban- 

daging, 16 

Operative Surgery, 16' 

Practical Anatomy, 1 

Surgical Dia|mosis, 16 

Hellier’s Notes on Gynascologlcal 
Nursing, 6 

Higgens’ Ophthalmic Out-patient 
Practice, 19 

Hill on Cerebral Circulation, 3 
Hillis’ Lenrosy in British Guiana, 20 
Hirschfeld’s Atlas of Central Ner- 
vous System, 2 

Holden’s Human Osteology, 1 

Landmarks, 1 

Hooper’sPhysicians' Vade Mecum,10 
Hovell’s Diseases of the Bar, 30 
Howden's Index Pathologious, 2 
Hutchinson’s Clinical Surgery, 17 
Hyde’s Diseases of the Skin, 21 
Hyslop’s Mental Physiology, 5 
Impey on Leprosy, 20 
Jacobson’s Male Organs, 22 

Operations of Surgery, 17 

Johnson’s Asphyxia, 12 
Medical Lectures and Es- 
says, 12 

Cholera Controversy, 12 

Granular Kidney, 12 

Joumal of Mental Science, 5 
Keyes^ Genito-Urinary Organs and 
Syphilis, 23 

Kohlrausch’s Physical Measure- 
ments, 38 

Lancereaux’s Atlas of Pathological 
Anatomy, 2 

line’s Bheumatlc Diseases, 14 
Langdon-Down’s Mental ANectiona 
of Childhood, 5 

Lee’s Microtomlsts’ Vade-Mecum, 38 
Leecher’s Becent Materia Medica, 9 
Lewis (Bevan) on the Human Brain* 
3 
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Liebreioh'i Atlas of Ophthalmo- 
scopy, 19 

HaoMunn's Clinical Chemistry of 
Urine, 22 

Maonamara’s Diseases and Refrac- 
tion of the Bye, 18 
■■■■■ — Diseases of Bones and 
Joints, 16 

McBelU's Isolation Hospitals, 4 
Ifaloolm’s Physiology of Death, 0 
Mapother's Papers on Dermatology, 
91 

Martin’s Ambulance Lectures, 15 
Maxwell’s Terminologia Medlca 
Folyglotta, 24 

Mayne’s Medical Vocabulary, 24 
Mercler’s Lunacy Law, 5 
Microscopical Journal, 27 
Mills and Rowan's Fuel and Its 
Applications, 27 

Moore’s (N.) Pathological Anatomy 
of' Diseases 2 

Moore’s (Sir W. J.) Diseases of India, 
10 

Family Medicine, etc., for 

India, 10 

Tropical Climates, 10 

Morris’s Human Anatomy, 1 
Moullln’s (Mansell) Surgery, 10 
Nettleshlp’s Diseases of the Bye, 18 
Hotter and Firth’s Hygiene, 3 
Oliver’s Abdominal Tumours, 0 

Diseases of Women, 0 

Ophthalmic (Royal London)Hospital 
Reports, 18 

Ophthalmological Society’s Trans- 
actions, 18 

Ormerod’s Diseases of the Hervous 
System, 13 

Owen’s (I.) Materia Medlca, 7 
Owen’s (J.) Diseases of WomAi, 0 
Parkes’ (E.A.) Practical Hygiene, 4 
Parkes’^. C.) Elements of Health, 4 
Pavy’s Carbohydrates, 12 
Pereira’s Seleota 5 Presoriptis, 8 
Phillips’ Materia Medlca and Thera- 
peutics, 8 

Pitt-Lewls’s Insane and the Law, 4 
Pollock’s Histology of the Bye and 
Eyelids, 19 

Proctor’s Practical Pharmacy, 8 
Purcell on Cancer, 22 ' \ 

Pye-Smi^’s Diseases of the Sk ^/31 


Qulnby's Botes on Dental PnustS , 

Ramsay’s Blementary SystenKlII 
Chemistry, 26 | 

Inorganic Chemistry, 2dh 

Reynolds’ Diseases of Women, 0 ' 
Richardson’s Mechanical Dentistry, 
20 

Robeits’ (D. Lloyd), Practice of Mid- 
wifery, 5 • 


Robinson’s (Tom) Bezema, 21 
Illustrations of Skin Dis- 


eases, 21 

Syphilis, 21 

Ross's Aphasia, 14 

Diseases of the Nervous Sys- 
tem, 14 

Royle and Haris's Materia Medlca, 


St. Thomas’s Hospital Reports, 11 
Sansom's Valvular Disease of the 
Heart, 13 

Schweinitz on Diseases of the Bye, 19 
Shaw’s Diseases of the Eye, 19 
Short Dictionary of Medical Terms, 
24 

Silk’s Manual of Nitrous Oxide, 20 
Smith’s (B.) Clinical Studies, 7 

Diseases in Children, 7 

■ —Wasting Diseases of Infants, 

and Children, 7 

Smith’s (J. Qreig) Abdominal Sur- 

Smith’MPriestley) Glaucoma, 19 
Snow’s Cancers and the Cancer 
Process, 21 

Palliative Treatment of Can- 
cer, 21 

Reappearance of Cancer, 21 

Southall’s Organig Materia Medlca, 
9 

Squire’s (PO Companion to the 
Pharmacopoeia, 8 

London Hospitals Phar- 
macopoeias, 8 

Methods and Formula, 27 

Starling’s Blements of Human Fhy- 

Stemberg^'^terlolc^v, 11 . 
Stevenson and Murphy s Hygiene, 4 
Sutton’s (F.) Volumetric Analysis, 36 
Sutton’/ (H. G.) Lectures onPaUKh 

Sutton^ (J. B.) General Pathology, 2 
[Continued on next 


7 , GBEAT MARLBOROUGH STREET. 




iHDn TO J. ft Ai OSUBGBXLL’S CATALOOU»--OpHttlllce(<. 


I , 

'Swain's Surgical Bmargendes, 16 
jS^yne's Obstetric ApWisms, 5 
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-Taylor’s (F.) Practice of Medicine, 10 
Taylor’s (J. G.) Canary Islands, 15 
Thin’s Cancerous Affections of the 
Skin, 22 

Fath(^ogy and Treatment of 

Ringworm, 22 

Thomas’s Diseases of Women, 6 
Thompson's (Sir U.) Calculous Dis- 
eases, 23 

Diseases of the Prostate, 

23 

Diseases of the. Urinary 

Organs, 23 

Introduction to Cata- 
logue, 23 

— ^ Lithotomy and Litho- 

trity, 23 

- — Stricture of the Ure- 

thra, 23 

Suprapubic Operation, 

2 :^ 

— Suraery of the Urinary 

Organs, 23 

— Tumours of the Bladder, 

20 

Thorne's Disease ' the Heart, 11 
Tomes’ (C. S.) Denial Anatomy, 20 
Tomes’ (J. ft C. S.) Dental Surgery, 
20 

Tooth’s Spinal Cord, 14 
Treves and Lang’s Qerman-Bnglish 
Dictionary, 24 


Tuke's Dictionary of Psychological 
Medicine, 5 

Influence of the Mind upon 

the Body, 4 

Tube's Veterinary Pharmacopcela , 

Valentin and Hodgkinson’s Qualitar 
tive Analysis, 26 

Vintras on the Mineral Waters, etc. 
of France, 15 

Wagner’s Chemical Technology, 7 
Walsliam’s Surgery : its Theory and 
Practice, 15 

Waring's Indian Bazaar Medicines 
9 r 

Practical Therapeutics, 

Watts’ Manual of Chemistry, 25 
West’s (S;) How to Examine the 
Chest, 11 

Westminster Hospital Reports, 11 
White’s (Hale) Materia Medina, 
Pharmacy, etc., 7 

Wilks’ Diseases of the Nervous Sys> 
tern, 13 

Williams’ Veterinary Medicine, 28 

Surgery, 28 

Wilson’s (Sir B.) Anatomist's Vade- 
Mecum, 1 

’Wilson’s (Q.) Handbook of Hygiene, 

4 

Wolfe’s Diseases and Injuries of the 
Bye, 18 

Wynter and Wethered’s Practical 
Patholo^, 2 

Year Book of Pharmacy, 9 
Yeo’B(G. F.) Manual of Physiology, 3 
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